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water, drinking water, sea water, dried milk, grain, bread, po-
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more, Sr was determined in local samples of air, rain water, 
grass, sea plants, fish, and meat. Cesium-137 was determined in 
sea water, sediments, milk, grain products, potatoes, vegetables, 
fruit, total diet, sea plants, fish, and meat. Estimates of the 
mean contents of radiostrontium and radiocesium in the human 
diet in Denmark during 1979 are given. Tritium was determined 
in precipitation, ground water and sea water. Plutonium and 
americium were measured in sediments and sea plants. The y-
background was measured regularly by TLD, ionization chamber 
and on site y-spectroscopy at locations around Rise, at ten of 
the State experimental farms along the coasts of the Great Belt 
and around Gyllingnas. The marine environments at BaxsebSck and 
137 58 
Ringhals were monitored for Cs and corrosion products ( Co, 
Co, Zn, Mn). Finally the report includes routine surveys 
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ABBREVIATIONS AMD UNITS 
J: joule: the unit of energy* 1 J « 1 Na (« 0.239 cal) 
Gy: gray: the unit of absorbed dos« * 1 J kg~ (« 100 rad) 
Sv: sievert: the unit of doss equivalent * U kg (• 100 
Bq: becquerel: the unit of radioactivity - 1 s-1 (« 27 pCi) 
cal: calorie * 4.18( J 
rad: 0.01 Gy 
0.01 Sv 
Ci: curie: 3.7 " 1010 Bq (« 2.22 • 1012 dp«) 
T: tera: 1012 
G: gig«: 109 
N: aega: 106 
•: ailli: 10"3 
v: aikro: lO-6 
—9 
n: nano: 10 
-12 p: pico: 10 
f: feato: lO-15 
a: atto: 10 
cap.:caput: (per individual) 
TNT: trinitrotoluol; 1 Ht TNT: nuclear explosives equivalent 
to 109 kg TNT. 
cpa: counts per Minut 
dp*: disintegrations per Minut 
OR: observed ratio 
CP: concentration factor 
FPs fission products 
MR; micro-roentgen, 10 roentgen 
S.U.ipCi 90Sr (g Ca)"1 
O.R.(Observed ratio 





nSr: natural (stable) Sr 
eqv. mg KCl; equivalents mq KCl: activity as frost 1 mq KCl 
(M>.8» dp«) 
S.D.: standard deviation 
1 hii-x^ 
'' V (n-l> 
/lli-x^2 
:
 V n(n-l) S.E.: standard error 
U.C.L.: upper control level 
L.C.L.: lower control level 
A: one standard deviation due to counting 
S.S.D.: sum of squares of deviation: E(x-x.) 
f: degrees of freedom 
2 
s : variance 
2 
v : ratio between the variance in question and the 
residual variance 
P: probability fractile of the distribution in question 
n: coefficiant of variation, relative standard deviation 
ANOVA: analysis of variance 
A: relative standard deviation 20-33% 
B: relative standard deviation >33%, such results are 
not considered significantly different from zero 
activity 
B.D.L.: below detection limit 
In the significance test the following symbols were used: 
* - probably significant (P > 95%) 
significant (P > 99%) 




























The present report is the twenty-third of a series of periodic 
reports(cf. ref. 1) dealing with measurements of radioactivity 
in Denmark. The organization of the material in the present 
report corresponds to that of last years report. After the in-
troduction and a chapter on organization and facilities there 
follows a chapter on environmental monitoring around nuclear 
facilities (Risø, Barseback and Ringhals). Chapter four deals 
with fallout nuclides in the abiotic environment, i.e., air, 
water and soil. Chapters five and six comprise fallout nuclides 
in the human diet and human tissues, respectively. Chapter 
seven is devoted to environmental tritium studies. Plutonium 
and americium in environmental samples are treated in chapter 
eight, and external radiation in chapter nine. The names of 
the authors of each chapter appear at its head. 
The Becquerel has been introduced along with the Curie in tables 
and figures. In the tables it has been accomplished by doubling 
all tables. In the figures we have used the right-hand ordinate 
for Becquerel. In the tables with Becquerels all units have to 
be changed to the SI system, i.e. litres become m , g becomes 
2 2 
kg, km becomes m , and years, months and days become seconds. 
1.2. 
2-4) The methods of radiochemical analysis and the statistical 
12) treatment of the results are still based on the principles 
established in previous reports . 
1.-» 
1.3. 
The report does not include detailed tables of the total $-
measurements originating from the environmental orw»«>rol *>* *•»»# 
Risø site. These tables are available in the form of micro-
cards at the Ris# library. 
The report contains no information on sample collection and 
analysis except in cases where these proced ~es have been 
altered. 
1.5. 
In 1979 the personnel of the Environmental Control Section of 
the Health Physics Department consisted of two chemists, one 
biologist, eight laboratory technicians, two sample collectors, 
and two laboratory assistants. The Section for Electronics 
Development continued to give assistance with the maintenance 
of counting quipment, with the interpretation of y-spectra 
and with data treatment. The program (cf. 2) used in the cal-
90 
culations of Sr and the y-analysis, as well as the program 
for data treatment, were developed by this Section. 
1.6. 
The composition of the average Danish diet used in tMi report 




By J. Lippart 
2.1. Detectors 
Tha activity of the samples is measured as follows: 
Alpha (239ru, 2<1Aa): It solid-state surface barrier detectors 
connected to four multichannel analysers (44 channels par 
detector). 
Beta f*°Y nainly): S low-level gas-flow Geiger counters, « of 
thee, provided with automatic sample chambers. Three new "multi-
de tector"-systems each containing 5 sample counters and a common 
anticoincidence shield are now pat into regular use. This type 
of detector is intended to replace the mechanical sample 
changers after a test period. 
Gamma (natural and fallout isotopes): S Ge(Li) detectors in 10 
cm lead shields and connected to five 1024-channel analysers. 
One further Ge(Li) detector mounted on a tripod and a 4094-
channel analyser are used for field measurements, and a •" x 4" 
Mal(Tl) in an underground shielded room is used for whole-body 
counting. Two of the Gc(Li) detectors have been replaced by 
new ones with higher efficiency. 
2.2. Data treatment 
Measured spectra are evaluated directly on a desk-top calculator 
or transferred to a Burroughs Be 700 computer. 
A program system STATDATA ' is developed for registration and 
treatment of environmental measurements including multichannel 
analyser spectra. To date, approximately 45 000 sets of rasults 
have been registered covering tha period from 19S7. 
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3. ENVIRONMFNTAL MONITORING AT RISØ, BARSEBXCK AND RINGHALS 
IN 1979 
by H. Dahlgaard 
3.1. Gross B-activity at Risø 
3.1.1. Sea water 
Fig. 3.1.1.1 shows the sample locations in Roskilde Fjord. The 
yearly mean for H I in 1979 was 61 eqv. mg KC1 (2.5 g)~ (in 
1978: 59), for H III-VI: 58 eqv. mg KC1 (2.5 g)" 1 (in 1978: 60) 
and for H VII-X: 59 eqv. mg KC1 (2.o g ) - 1 (in 1978: 59). Fig. 
3.1.1.2 shows the mean levels of radioactivity in sea salt since 
1 9 5 / . 
52'E 56'E 12°E A'E 56'E 12°E 4'E 8'E 
55°58'N 
55°55'N 
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Fig. 3 . 1 . 1 . 1 . Roskilde Fjord. 
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Fig. 3.1.1.2. Mean radioectivity in sea water 1957-1979. 
3.1.2. Soil 
No soil samples from the environment of Risø were measured for 
total 8-activity in 1979, 
3.1.3. Air 
-3 The mean value for the year was 0.08 eqv. mg KCl m as com-
pared with 0.18 eqv. mg KCl m in 1978. 
Fig. 3.1.3.1 shows the mean FP levels in air since 1957. 
- 14 -
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HEALTH PHYSICS DEPARTMENT 
WASTE TREATMENT STATION 
HOT CELL FACILITY — 
10 MW REACTOR 
DR 3—-7 = fø 
Fig. 3.1.2.1. Samling locations at Risø National Laboratory. 
2 
1-5: locations for rain bottles (0.O3 m each), ion exchange 
2 
columns (^ .06 m each) and grass samples. I-V: sampling lo-
2 
cations for draining water. Si sewage water. R: 1 m daily 
rain collector, i i 10 m monthly ion exchange rain collec-




FAQ. 3.1.3.1. Mean radioactivity in air, 1957-1979. 
3.1.4. Sediment samples from Roskilde Fiord 
The mean activity in sediment B I was 162 eqv. mg KCl (3.0 g 
ash) in 1979 as compared with 164 eqv. mg KCl (3.0 g)" 1 in 
1978. Fig. 3.1.4.1 shows the mean levels for B I since 1957 
(cf. also 3.4). 
- 16 -
Fig. 3 . 1 . 4 . 1 . Mean r a d i o a c t i v i t y in sediment samples (BI), 1957-1979. 
3.1.5. Fish 
No fish samples from Roskilde Fjord were measured for total $-
avtivity in 1979. 
3.1.6. Grass 
The mean values were in 1979 for PG I: 7.5 eqv. mg KCl (0.1 g 
grass ash)" (in 1978: 18). Fig. 3.1.6.1 shows the mean activ-
ities in grass ash since 1957. 
- 17 -
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YEAR 
Fig. 3.1.6.1. Mean FP-radioactivity in grass ash, 1957-1979. 
3.1.7. Sea plants 
The mean FP level in 1979 in Fucus vesiculosus (PH I) was below 
the detection limit (1 in 1978). FP in Zostera marina (PH III-
IX) was in 1979 below detection limit. 
3.1.8. Fresh water 
Fig. 3.1.8.1 shows the control chart for S (ci. fig. 3.1.2.1). 
The yearly means for D I, D II, D IV, and S in 1979 were 18 eqv. 
mg KC1 l"1 (1978: 26), 15 eqv. mg KC1 l"1 (1978: 19), 60 eqv. 
mg KC1 l-1 (1978: 60), and 45 eqv. mg KC1 l"1 (1978: 41) re-
spectively. Fig. 3.1.8.2 shows the activity in drainage water 
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Fiq. 3.1.8.2. Annual total-f! mean levels in waste water (S) 
and drain water (D) collected at Risø 1958-1979. 
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3.1.9. Rain water 
The total fallout in 1979 was measured at 9.5*10 eqv. mg KCl 
_2 
m , and the annual mean concentration in rain water at Rise 
,-1 was 18 eqv. mg KCl 1 
0.021*10 and 40 respectively. 
In 1978 the corresponding figures were 
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Flo. 3.1.9.1. Specific activity in precipitation, 1957-1979. 
_ on _ 
3.2. Marine environmental monitoring at Barseback and Rinqhals 
The radiological monitoring of the marine environment around 
the two nuclear power plants at BarsebSck and Ringhals in Sweden 
was continued in 1979. 







Fig. 3.2.1.1. Sampling locations at Barseback in 1979. 
49 and SO i.idicate fishing tracks. 
This programme is sponsored by Nordic Liaison Committee for 
Atomic Energy (Nordisk kontaktorgan for atomenergi) as part of 
a co-operative activity together with the Department of Radia-





2 3 L 5 km 
57°20'N 
-» 57°15'N 
12°00'E 12°05'E 12°10'E 
Fin. 3.2.1.2. Sampling locations at Ringhals. 14 and 16 indi-
cate fishing tracl-.s. 
3.2.1. Y-emitting radionuclides in brown aloae 
Tables 3.2.1.1, 3.2.1.2 and 3.2.1.3 show the radionuclide con-
centrations found by y-spectrometric analysis in brown algae 
sampled near BarsebSck and Ringhals in 1979. Table 3.2.1.4 
shows results from the Sound (Øresund) further away from Barse-
back. 
As noted in the 1977 and 1978 reports ' the concentration of 
the reactor-produced nuclides Co, Co, Mn, Zn and ™Ag 
decreases with distance from the outlet in a similar manner. 
- 22 -
Fig. 3.2.1.3. Sampling locations in the Sound. 
The decrease in concentration 125 km along the Swedish west 
coast north of the BarsebSck outlet has been described by 3 
power function: A = k X"1,4±0 , where A is the activity con-
centration in Pucus and X is the distance in km32,17*. 
Some of these data, e.g. Helsingborg, apparently differ from 
this power function, but data are too sparse to see any changes. 
However, the long-distance data from Øresund (Table 3.2.1.4) 
- 23 -
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* Locations south of the outlets the other locations were situated north of the outlet. 
**Cf. Fig. 3.2.1. 
Table 3.2.1.1.3. Gamma-emitting xadionuclidei in Fueua veticutotut collected at BaAteback in 1979 













































































4.1 2.t 2.9 2.0 26 1.15 
3.2 2.0 2.4 1.15 13.i 0.92 
12.1 1.5 1.9 2.9 62 3.1 
1.04 
2.6 3,3 2.2 Z.2 2.6 3.0 (.1) Z,6 
• Locatiom iouth o$ the outlet; the othen. locations weie situated noith oi the outlet. 
**Ci. Tig. 3.2.1. 
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Tabla 3 . 2 . 1 . 2 . A . C w i l f i t t i n g radionuclides in Fucus ves icu losa« ( F u . v e . ) , Aseophylluei nodosust 













































































































* Locations south of the outlets the other locations were situated north of the outlet. 
••Cf. Fig. 3.2.2. 
Table S.1.1.1.6. Gamma-tmi.tiA.n9 nadionuctidtt in fucut vtticulotut (Fu.vc.). Atcookmllum nodotum 
(A«.no.) and I 
jnc-li might) 








































Horn outltt O.t O.t 1.9 4.1 4.t i.i 1.1 1.9 4.1 4.1 19.4 
i* hm 
"Co to 31 14.1 1.4 é.i 1.9t 14.9 11.1 t.o Kit 9.13 
5lCo tl 3.1 i.O 3.J l.i 0.09 A 9.1 t.i 0.1$ 
i4Hn 4.1 0.01 A 1.41 0.03 A 0.14 A C.33 • 1.30 0.74 A 0.41 A O.tt • 
witn it 31 li li.1 «.f l.t 39 34 t.9 t.é 
1i7Ct 1.4 1.1 t.i f.3 
' " % 3.* 3.7 1.1* 1.04 A 0.01 A 1.91 1.39 
* Location* touth o{ tht outltt; tht othtu location* «e«c tituattd no\th of tht outltt. 
•*C{. fig. S.l.t. 
- 25 -
Table 3.2.1.3.*. Cl— !•-—itting radionuclides in Fucus vesiculosa* (Fu.ve.). 
Fucus serratus (Fu.s*.) and Asvrophyllu« nodosum (As.no.' collected at Rinehals 
Novnbtr IS, 1979. (Unit: pCi kg"1 fresh weight) 
Station 







0.2 0.2 4.0 4.0 4.« 
3.-Wn 
«.3 

























































* Locations south of the outlet; the other locations were situated north of 
the outlet. 
••Cf. Fig. 3.2.2. 
Tabt« 3 . 1 . 1 . 3 . 1 . G*mm*-tmittin$ %*di*mmclid*.* in Faca* vtticmtolm* ( F a . v c . i , 
Fucui «ctt«A>« [Fu.«c.l end A«cep>*»Maa mtdttmm (A*.*«.l ctlltettd *t tingkmt* 
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* loc*tion» tcuth cij tkt ou'ltti the cthtl location* »etc iitutttd aeifk oi 
tki outlit. 
• • C f . F t g . J . Z . 7 . ' 
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indicate that only a minor fract ion of the a c t i v i t y reaches the 
Danish coast , and that th<2 main part of the plume from Barse-
bSck remains near the Swedish west coas t . 
If the decrease in a c t i v i t y with distance from Ringhals i s a l s o 
— 8 described by a power function, A = kX , the B-value for the 
Nay 79-sampling i s 0.68 northwards t i l l 6.3 km and 0.86 south-

































































82 15.9 31.4 4 .2 29.7 16.5 21 .8 
4.0 A 
40 59 40 35 60 55 51 69 
11 .0 B 
10.2 A 
•Cf. F ig . 3 . 2 . 1 . 3 . 
Tablt 3.1.1.4.1. Gamma-imitting ladionuctidu in fucut vtticulotut (Fu.vc.) and fucut ttxnatut I F u . t e . l 






























{*o« outtlt 10.0 It.4 30.2 39.t iO.l 10.0 39.J 39.é 17.t 
in km 
Spttitt fu.tt. fu.vi. fu.vt. fu.it. fu.vt. fu.vt. fu.vt. fu.it. fu.vi. 
t0Co 1.9 3 .0 0,59 Kit 0.1« ( .10 0.41 0.11 
i4Hn 0.33 A 0 . (5 A 
"
7 C l 1.1 '.41 1.1 1.4t 1.30 1.1 1.0 1,$9 l.t 
HI, 
'1 l.t A 
0.41 t 
0.31 A 
'Ct. fig. 3.1.1.3. 
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wards till 4.1 Ian. A pooling of the results from 1977-79 yields 
6-values of 0.79+0.04 (SE, n = 5) and 0.93+0.05 (SE, n = 4) 
northwards and southwards, respectively. 
54 Part of che Mn-activity is believed to originate from sources 
54 
other than Ringhals and Barseback - probably fallout - as Mn 
to Co ratios tend to be higher at distant locations. 
The nuclides I, Cs and Cs show no decrease with dis-
tance from the outlet. Part of the radiocesium activity orig-
inates from Ringhals, but the "background" level in the Katte-
gat, from fallout and from Windscale discharges, is so high 
(cf. 4.4) that this is of minor importance. The Cs/ Cs 
137 
ratio may indicate a 35X rise in the Cs level due to Ringhals 
discharges directly in the plume (location 7). The short-lived 
131 
I probably originates from hospital or laboratory discharges, 
as no fresh fallout was detected in 1979 (cf. 4.1.3). 
The intention to sample Fucus vesiculosus alone was not ful-
filled. This led to a comparison of the 3 fucoids Fucus vesicu-
losus, Fucus serratus, and Ascophyllum nodosum. Although none 
of the ratios in Table 3.2.1.5 is significantly different from 
unity some trends may be noted. Compared with Fucus vesiculosus, 
C Q CM 
Ascophyllum tends to show a lower concentration of Co, Mn 
Table 3.2.1.5. Ratios of activity concentration« 
on fresh weight basis in Fucus vesiculosus (Fu.ve.), 
Fucus serratus (Fu.se.) and Ascophyllum nodosum 






1 1 0 % 
137C. 
































The error term was 1 S.E. 
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and Zn, whereas Fucus serratus is similar. The Co/ Co-ratio 
tends to increase in the order Fucus vesiculosus < Fucus serra-
tus < Ascophyllum nodosum, meaning that the "integration time" 
rises in the same manner. This may indicate the existence of 
differences in the mean age of the various species sampled. 
Tables 3.2.1.6-3.2.1.8 report transfer factors calculated as 
TF = — - ^ — (pCi month kg-1 mCi-1) or (Bq kg"1 s Bq - 1), 
m *• j 
and decay-corrected transfer factors calculated as 
A< -1 -1 
DTF„ = = (pCi (m months) kg mCi ), 
m m i ,. .. 3 
L
 J 
where A. is the activity of a sample collected in month i (pCi 
-1 -1 
kg fresh weight or Bq kg fresh weight), D. is the discharge 
—1 -1 ^ during month j (mCi month or Bq s ), m is the number of 
months (or seconds) in the calculation and A is the radioactive 
decay constant (month- ). Monthly discharges are from reference 
35. For the TF-calculations m is 12 months, whereas in the DTF-
calculation m is chosen as the number of months for which DTF-
values for Co and Co are equal. The "integration-time" is 
defined as this last m-value. If more months than the "integra-
tion time" are included in the calculation, DTF for Co (T. ~ 
1922 d) will be smaller than DTF for the relatively short-lived 
Co (T, ~ 71.3 d), as also Co-releases not included in the 
sample are included in the calculation, whereas the correspond-
ed 
ing Co discharges have decayed. Calculation of the "integra-
tion time" by DTF-values are made on the assumption that the 
algae cannot distinguish between the two isotopes, i.e. they 
are assumed to be in the same physicochemical state. 
Values of the normal transfer factor TF and the decay-corrected 
transfer factor DTF ii 
and discussed earlier 
from this investigation have been reported 
.1/32,33) 
In Tables 3.2.1.6 and 3.2.1.7 normal transfer factors, TF, from 
BarsebMck and Ringhals from 1979 and mean values from 1977-1978 
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TabU 3 . 2 . 1 . 6 . A . Transfer factor TF, without decay-
c o r r e c t i o n . Fucus v e s l c u l o s u s c o l l e c t e d a t earseback, 
l oca t ion 24, 1.4 In north of the o u t l e t . 
Jablt 3 . 2 . 1 . 6 . 8 . T U M J H i*cto\, TF. atitksut dtcay-
c e * * t c t i a * . Fuciu m i u i t t t i t c o l l e c t e d a t laAsckick, 
location 24, I.« km *e«tk e{ tti o u t l e t . 


























d a t e 
6 / 4 - 7 9 
1 9 / 6 - 7 9 




G / 4 - 7 9 
1 9 / 6 - 7 9 




6 / 4 - 7 9 
1 9 / 6 - 7 9 




6 / 4 - 7 9 
1 9 / 6 - 7 9 




6 / 4 - 7 9 
1 9 / 6 - 7 9 




6 / 4 - 7 9 
1 9 / 6 - 7 9 




D i s c h a r g e t h e p r e c e d i n g 
12 months 
mCi m o n t h " 1 r e l . S . D . I 
1 0 3 . 6 100 
9 2 . 5 11« 
SO.6 63 
7 2 . 4 129 
6 0 . 9 157 
1 7 . 6 85 
7 . 8 114 
6 . 6 134 
4 . 4 87 
2 0 . 1 120 
1 9 . 0 129 
1 2 . 3 64 
6 . 8 88 
5 . 9 103 






k , - 1 MCI"1 
242 
100 
1 6 9 
1 7 0 1 4 1 
1 2 2 : 6 3 
1 6 » f 4 « 
2 8 . 3 
7 . 6 
4 0 . 0 
2 5 . 3 ; 9 
68 : 3 0 




7 9 : 1 0 
7 7 * 2 7 




1 4 1 : 4 0 
1 3 2 : 7 2 
1 5 7 : 4 3 
1 7 . 9 
1 0 . 5 
1 4 . 4 
1 4 . 3 : 2 
1 6 . 4 : 1 1 
1 4 , 7 : 7 
1 4 . 8 
1 4 . 8 


































6 / 4 - 7 9 
1 9 / 6 - 7 9 




6 / 4 - 7 9 
r«/«-7* 




4 / 4 - » 4 
1 9 / 6 - 7 9 
7 / 1 - 1 « 
1979 
1971 
( 9 7 7 
6 / 4 - 7 9 
1 9 / 6 - 7 9 




6 / 4 - 7 9 
1 9 / 6 - 7 9 




6 / 4 - 7 9 
1 4 / 6 - 7 9 




S i a c k a a g c 
1* 





















i l l . S.V.I 
100 
1 ) 6 
43 
















to k a ~ ' j 
8 , " ' 
0 . 6 4 
0 . 2 4 
0 . 4 4 
0 . 4 3 : 0 . 1 1 
« . 3 2 : 0 . 1 7 
0 . 4 4 : 0 . 1 2 
0 . 0 7 4 
0 . 0 2 0 
0 . 1 0 5 
0 . 0 6 6 : 0 . 0 2 3 
« . 1 7 9 : 9 . « 7 9 
0 . 1 4 7 : 0 . 0 4 6 
0 . 2 4 
0 . 1 5 5 
0 . Z 2 
0 . 2 0 : 0 . 0 3 
0 . 2 0 : 0 . 0 7 
0 . 3 5 : « . « 7 
0 . 5 6 
0 . 1 4 5 
0 . 3 6 
0 . 3 7 . 0 . I I 
0 . 3 5 : 0 . 1 9 
0 . 4 1 : 0 . 1 1 
0 . 0 4 7 
0 . 0 2 1 
0 . 0 3 1 
0 . 0 3 1 : 0 . 0 0 5 
0 . 0 4 3 : 0 . 0 3 1 
0 . 0 3 9 1 « . 0 2 « 
0 . 0 3 9 
0 . 0 3 9 
0 . 0 0 4 
0 . 0 1 5 
The error tern was :1 8 .E . 
Tkt t*«»* ttAm aw* < I J .E . 
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Table 3.2.1.7.A. Transfer factor, TF, without decay-correction. 
Brotm algae (from Tables 3.2.1.2.A and 3.2.1.3.A) collected at 
Ringhals, location 6, 1.9 km north of the outlet and location 9, 

























































































































The error term was ±1 S.E. 
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Tabtt 3.2.7.7.8. T^anatfe* jacto*, TF, w-iXhou-t decaø-coftec-t-ion. 
Blown af g ae ( &*.om Taklt* 3.2.7.2.8 and 3.2.7.3.8) colltcttd at 
R-tnghal*, location 6, 7.9 km noltk oi tkt outllt and location 9, 
7.7 fem i oath ofr tht outllt. 
l&otnpt 
" o , 
1* 
Mean 






6 5 . Zn 
n 
Mean 





7 2 / 5 - 7 9 




7 2 / 5 - 7 9 
7 5 / 7 7 - 7 9 
7979 
7971 
7 9 / 7 
7 2 / 5 - 7 9 




7 2 / 5 - 7 9 




7 2 / 5 - 7 9 






3« 4 " ' 
2300 
























6 . 3 » 7 0 ~ 3 
6 . 3 x 7 0 " 3 
{ 4 . 0 ± 0 . l ) > 
( 7 0 . ! i l . 5 ) « 
4 . 5 x 7 0 " 3 
4 . 5 x 7 0 ~ 3 
1 2 . 2 * 7 . 0 ) « 
1 3 . 2 i 7 . I ) » 
5 . 4 » 7 0 " 3 
5 . 4 x 7 0 " 3 
I 5 . 0 i 7 . 7 ) > 
( 7 2 . 4 * 6 . 2 ) * 
20 * 7 0 ~ 3 
20 « 7 0 " 3 
l1J.9iO.ti' 
134 i 2 7 ) » 
7 6 . 7 x 7 0 * 3 
J « . 7 x » ø " 3 


























6 . 4 * 7 0 ' 3 
4 . 4 » 7 0 ~ 3 
1 5 . 4 i 7 . 0 ) x 7 0 " 3 
i 5 . 0 ± 7 . I ) x 7 0 " 3 
( H . 7 i 2 . 4 ] » 7 0 * 3 
I . 3 x 7 0 " 3 
3 . 7 x 7 0 " 3 
( 5 . 7 i 2 . * ) x » 0 " 3 
1 4 . 5 t 2 . 9 | x 7 0 " 3 
[ 6 . 6 * 2 . 7 ) x 7 ø ~ 3 
4 . 9 x 7 0 " 3 
9 . 9 x 7 0 " 3 
1 7 . 4 * 2 . 5 ) * 7 0 ~ 3 
1 5 . 0 t 7 . 5 ) x 7 0 " 3 
1 9 . 9 ± 7 . 4 ) x 7 0 " 3 
24 « 7 0 " 3 
44 xJO" 3 
| 3 4 ± 7 0 ) x 7 0 " 3 
[2tt13)"10'i 
( 6 0 * 2 7 | x 7 ø " 3 
7 # . 0 » 7 0 " 3 
30 *10~3 
( 2 4 ± « ) x 7 0 * 3 
7 3 . 2 * 7 0 " 3 
129 * / 0 " 3 
The etAot teim wa* »7 S.E. 
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are reported. These values can be extrapolated to other dis-
tances by the power-functions mentioned above. As the monthly 
discharges are very different the TF-values will vary even if 
the plants accumulate the same fraction of the discharged nuclides 
throughout the year. Differences in growth and perhaps in tem-
perature also contribute to the variation. The fairly good re-
producibility of the TF-values for most nuclides from both Barse-
back and Ringhals is there remarkable. 
Although Fucus is not eaten, these TF-values show the transfer 
of radioisotopes to living organisms and the variation in this 
transfer with time and between different sites. Thus, a future 
change in TF-value for one or more nuclides indicates a change 
in the transfer of released activity to Fucus, and therefore 
probably to edible organisms as well. Such changes could, for 
instance, be due to changes in physirrochemical form of the re-
leased nuclides, but TF-values can also be used to give an es-
timate of the magnitude of an uncontrolled accidental release. 
A comparison of the TF-values from Barseback and Ringhals indi-
cates that even if the values are calculated for the same dis-
tance, or transformed to the same distance, e.g. one km, by the 
power-functions established above, the TF-value for radio-cobalt, 
Mn, and Zn are much higher in the Barseback than in the 
1 1 ftm 
Ringhals area, whereas Ag values is of the same order of 
magnitude. At BarsebMck transfer factors for discharged mAg 
is lower than for Co, Mn, and Zn nuclides, whereas at Ringhals 
it is higher. Also, at BarsebMck TF-values for Zn is of the 
same order of magnitude as those for Co and Mn, whereas at 
Ringhals Zn values are higher than those of Co and Mn. 
Thus, it is evident that differences between BarsebMck and Ring-
hals are limited not only to absolute values of the transfer 
factors (e.g. due to hydro-dynamical differences) but extend to 
ratios between different pairs of radionuclides. Even isotope-
ratios of the same nuclide, namely Co/ Co, tend to differ at 
58 
the two sites. At BarsebMck the short-lived Co (T. 71 d) 
shows a lower TF-value than the relatively long-lived Co (T, 
5.3 y), which is to be expected. However, at Ringhals the TF-
values for Co and Co are sometimes similar. Furthermore, 
for most samples from Ringhals the DTF -values cannot be cal-
- 33 -
culated as the Co/ Co ratio in the algae is toe high com-
pared with that of the discharge. This indicates that the two 
cobalt-isotopes may behave differently in the Ringhals environ-
ment. 
These apparent differences, in accumulation of the various nu-
clides, between the two sites could be explained by differences 
between the environments. For instance, salinity is highest, 
approx. 20 o/oo, in the Ringhals area, whereas it is lower, 
averaging approx. 10 o/oo, in the Barseback area. However, a 
more reasonable explanation is that the radionuclides may be 
discharged in different physicochemical forms from the two 
plants due to differences in waste-water treatment. This might 
even explain the cobalt anomalies at Ringhals, as Co and Co 
are produced from stable Ni and Co, respectively. As a final 
possibility, differences in transfer factors at the two sites 
and between cobalt isotopes at Ringhals might be explained by 
faults in the discharge reports. As most of the differences 
seem to be reproducible this last possibility must be discounted. 
Decay-corrected transfer factors calculated for the number of 
months, m, that make Co and Co values approximately equal, 
are reported in Table 3.2.1.8. "m" is denoted as the "integra-
tion time", which was described previously ' *" ' . A s the 
DTF-values are independent of the physical decay of the nuclides, 
they are supposed to show the transfer of the metals indepen-
dently of the decay-constants: ideally, they are unaffected by 
oscillations in the rate of discharge. 
The apparent seasonal oscillation in the 1978-data has not been 
completely reproduced in 1979 (Table 3.2.1.8). These calcula-
tions are to be continued for some years in an attempt to eluci-
date the nature of the variations. 
1 32 22) 
As stated previously ' ' ' , the DTF-values indicate that the 
uptake and elimination of radiocobalt, Mn and Zn released 
from BarsebSck might be similar in Fucus vesiculosus. As men-
tioned above, this is not the case at Ringhals. 
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Table 3.2.1.6. Decay-corrected transfer factors, DTF. Fucus vesiculosus collected at 
















































































*Hean of 2 samples. 
3.2.2. Y-emitting radionuclides in benthic invertebrates 
In 1979, 2 mussel-samples from BarsebSck were analysed (Table 
3.2.2.1). On the assumption that the activity ratios between 
Hytilus and Fucus established at Ringhals (Table 3.2.2.3) are 
Table 3 .2 .2 .1 .A . 0—»-emi t t ing radionuclides in Hyt i lus 



































Tabtt i.l.t.t.t. Gamma-imltliHg mdioiiuclidt* in Hytitiu 
tduti* colltcttd at B*A*tbick in 1971. (Unit: la kg"' 
t*t*h might) 
"in ?Mt 9ait *•***"•" Vt'th 131Cé t0Ce 
location 4.R • u 
H 0.$4 0.17 A 
' 0.i4 















approximately valid for the Barseb&ck area« these data show 
that the main part of the activity remains near the surface 
where Fucus is sampled, and only a minor fraction reaches the 
mussel bed at 7-10 m. This is not surprising as the radionu-
clides are mixed with the warm cooling water and discharged at 
the surface. 
Table 3 . 2 . 2 . 2 . A . Gaama-eaitting radionuclides in benthic animals c o l l e c t e d at Kinghals in 1979. 
(Unit: pCi kg"1 fresh weight) 
Species Date Sampling Depth 137, location in n Cs 
to Co Co CS Zn 110« Ag 54 Ml 
Mytilus edulis (soft part) 12/5 
Mytilus edulis (soft part) 
Nytilus edulis (soft part) 15/11 
Hytilus edulis (shells) 
Cyprina islandica (soft part) lt/11 
Cyprina islandica (shells) " 
Modiolus modiolus (soft part) * 
Modiolus Modiolus (shells) 
Buccinun undatua (soft part) " 
Buccinua undatua (shells) " 
Cancer pagurus (total) " 

















































Tabtt i.t.l.l.t. Gamma-tmitting \adiomtclidt* in btntkic animal* colltcttd at Kingkat* in 147*. 
[Unit: fo kg' field *tigkt) 
Sptcitt v . Sampling Ptptk 137. 
""*' location in m " 
tt Co it Co •5 In 110m Afl 54 MR 
Hytilut tdulii licit pant) It/i 
Hyt itu i tdutii {iojt pa\t) " 
UytiluS tdutit [toit pant] 15/1f 
Vytilui tduli* ithtllt) ' 
Cyptina iilandica {toit pant) It/11 
Cyp\ina itlandita itktllt] ' 
Hodiol.it medio tut Uo^f pa*t) " 
Hodiolut modiolut ithtllt) * 
BucctHu« andatum 160it pa\t\ * 
Buccinum undatum itktltt) * 
Cancti paguxu* i total) " 




















































Table 3.2.2.3. Activity ratios on fresh weight basis, Mytilus edulis soft 
part (from Table 3.2.2.2.A) to Brown algae (from Tables 3.2.1.2.A and 
3.2.1.3.A) collected at Ringhals in 1979 
Brown algae Location Date 137Cs 58Co 60Co 54Mn 65Zn U O m A g 
Fucus serratus 8 12/5 0.13 0.19 
Tucus vesiculosus 7 12/5 0.23 0.24 0.09 0.33 0.14 
Fucus vesiculosus 7 15/11 0.15 0.05 0.08 0.20 0.07 
^anei977-1979Se- °-™ 0.19 0.17 0.08 0.32 0.24 
S.E. 0.08 0.05 0.03 0.02 0.04 0.14 
n 5 7 8 2 6 3 
In Ringhals mussels were collected at the same sites as brown 
algae (Table 3.2.2.2), and activity ratios were calculated as 
previously (Table 3.2.2.3). The mean values from 1977-1979 
indicate that Fucus concentrates the corrosion-products to a 
level approximately 5 times higher than Mytilus. Multiplying 
the mean activity ratios with the mean transfer factors for 
Fucus (Table 3.2.1.7) and normalizing to Co gives the follow-
ing relative transfer factors for Mytilus edulis: 
60„ , 58_
 n , 54„ n . 65r _ 110m- , Co = 1 ; Co = 0.6; Mn = 0.4; fcn = 7; Ag = 3. 
The dose commitment to a hypothetical critical individual con-
suming 20 kg Mytilus edulis soft parts yearly, sampled at loca-
tion 7 where fishing is prohibited, would be approximately 0.8 
mrem y~ based on the November sample. Thus, even this extreme 
approach gives less than IX of the background radiation dose. 
3.2.3. Y-emittina radionuclides in fish 
Corrosion product levels in fish caught near Barseback and Ring-
hals are low (Table 3.2.3.1). The dose commitment to a hypo-
thetical critical individual consuming 100 kg fish meat yearly 
from the vicinity of Ringhals would be approximately 0.5 mrem 
y based on results from Table 3.2.3.1. Of this dose the power 
plant is responsible only for 6* coming from Zn, as the radio-
cesium originates from Windscale and from fallout. The ratio 
- 37 -
Cs/ Cs is not different for fish caught in Denmark (Chapter 
5.8). As the Cs/ Cs ratio in the discharge was much higher 
(~ 0.8), this indicates that the radiocesium contribution from 
Ringhals was negligible. 
Table 3.2.3.1.A. Gamma-emitting radionuclides in fish collected at Barseback 
and Ringhals in 1979. (Unit: pCi kg" fresh weight) 




























































•Cod, p l a i c e , flcunder and witch. 
Tabte. 1.1.1. 1 . 8 . Gamma-evittinq xadionuclides in £iih co l lec ted at Baijebacfe and Ringhali 
in 1919 |U iu t : 8r( feg"' ftejft weight) 
Location Vate Speciei 137C« S4Hn 60Co ,i4Ci 65ln 
BaMeback 50 10/4 plaice meat 1.S1 
" " cod meat 4.t 
" " dab meat 2.0 
" " {loundei meat 3.0 0.26 A 
" " " non-edible 1.t9 0.11 A 0.11% 
inaction 
Kinahalt, 14 16/11 dab meat 3.7 0.21 1.00 
" " " " bone 5.4 A 
" " " tiih' meat 3.6 0.20 1.6 
" " " " bone 7.5 








137 Cs *o, Co M*» 



































































































































































































•Postlbly trace of 1"SSb. 
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3.2.4. y-emitting radionuclides in sea sediments 
18) As previously sediments sampled by the HAPS bottom corer 
were sliced in 3-cm thick sections and analysed (Tables 3.2.4.1 
and 3.2.4.2), and in addition our y-spectrometric data from a 
Nordic intercalibration held at Barseback May 1979 (P 1 to P 5 
in Table 3.2.4.1) are reported. The results from the inter-
calibration of 5 bottom corers and several Nordic laboratories 
performing a- and Y-spectrometric analyses on sediments will be 
reported elsewhere. 
Table 3.2.4.2.A. Gamma-emitting radionuclides in sediment 





















pCi kg'1 mCi km"2 
445 10.6 
Z 10.6 
2 11/5 0-3 578 11.4 207 4.1 
3-6 339 10.2 58 l.G 



















4 11/5 0-3 168 6.1 149 5.4 
3-6 138 4.7 123 4.2 
6-9 85 2.7 43 1.4 
9-10 125 1.0 120 1.0 
0-10 Z 14.5 I 12.0 
2 9/11 0-3 561 10.8 153 2.9 
3-6 286 8.8 75 2.3 
" " 6-9 126 4.8 
0-9 I 24.4 £ 5.2 
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Tabid 3.2.4. 2.3. Gamma- im-t.ttt.ng ladionuclidet in tldimint 
jampi'ei zotttatzd at Kinghati in 1979 




, 3 7 C , 60Co 
Bq kg' Bq m Bq kg"' Bq m"* 
11/5 0-3 16.I 3J5 J«.5 392 
" 3-6 7.J 211 














0-9 Elfllfl I 219 
11/5 0-1 t.l 296 9.1 307 
3-6 6.0 215 



































0-9 £ 904 E f92 
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4. FALLOUT NUCLIDES IN THE ABIOTIC ENVIRONMENT 
by A. Aarkrog and J. Lippert 
4.1. Air 
4.1.1. Strontium-90 
90 -3 The mean air activity level for 1979: 0.39 fci Sr m , i.e. 
0.3 times the 1978 level. The maximum activity in 1979 was 
90 -3 
measured in June at 0.69 fCi Sr m 
Table 4.1.1.A. Strontium-90 
in air collected at Risø 
in 1979 















fCi 9 0 S r in"3 
0 . 3 2 
0 . 3 6 
0 . 4 4 
0 .61 
0 . 6 6 
0 . 6 9 
0 . 3 9 
0 . 4 1 
0 . 2 6 
0 . 2 1 
0 .157 
0 . 1 7 1 

















collided at Kiig 
a - 3 8<j m 
n . l x J O " ' 
13.3x10~6 















Fio. 4.1.1. Quarterly Sr levels in air, 1957-1979. 
4.1.2. Cesium-137 
As in 1962-1978, samples of air were collected twice a week by 
means of the air sampler described in Risø Report No. 23 . 
3 8) 
The filters were measured on a 100 cm Ge(Li) detector . 
137 Table 4.1.2 shows the monthly means of the Cs determinations 
(cf. also fig. 4.1.2). The peak value was observed in June. 
The mean level in 1979 was 0.27 times the 1978 mean. The 
90 
Sr mean ratio in the air filter was 2.2 in 1979. 
137 Cs/ 
Since September a new air sampler was installed at Risø (cf. 
fig. 3.1.2.1 and fig. 4.1.3). This sampler collects the air 
2 dust on 6 glass fibre filters each 56 * 48 cm . The filters 
are changed every week and collects approximately 275,000 m in 
137 
a week. The Cs concentrations determined by the new sampler 
were approximately 70X of that from the old, the difference is 
probably due to calibration difficulties. 
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Table 4.1.2.A. Cesium-137 in glass-fibre air 
filtres collected twice a week at Rise in 
1979 (Unit: fCi m~3) 
Tabte 4.1.Z.B. Ce*ium-1}7 in gla&i-iibtc ail 
iilttit collected twice a week at Ri&ø in 
















0 . 7 5 ± 0 . 1 1 
0 . 8 9 * 0 . 0 7 
1 . 0 5 ± 0 . 0 7 
1 . 6 0 * 0 . 2 9 
1 . 8 H 0 . 2 7 
1 . 9 2 ± 0 . 3 9 
0 . 5 6 1 0 . 0 6 
0 . 6 H 0 . 0 5 
0 . 4 1 1 0 . 0 6 
0 . 3 0 1 0 . 0 3 
0 . 1 8 1 0 . 0 3 A 
0 . 1 7 i 0 . 0 i a 
0 . 8 5 
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The error term is the S.E. of the mean of 
the activity found in 8 or 9 filtres col-
lected during a month, except for the new 
one, which was 4 filtres a month. 
The etioA teim ii the S.E. oi the mean oi 
the activity iound in t ox 9 iiltiei col-
lected duiing a month, except ioi the new 
one, uihich uiat 4 iiltiei a month. 
*Only 3 weeks. 
"Collected once a week. 
•*Cf. text. 
*0nly i weefea. 
















0.0 ' ' ' » i i i i i i i i 
J F M A M J J A S O N D 
MONTH 
Fig. 4.1.2. Cesium-137 in ground level air at Risø in 1979. 
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4.1.3. Short-lived y-emittinq nuclides in air and precipitation 
On December 14, 1978, China tested a nuclear weapon in the kilo-
tons range in the atmosphere. Fresh fallout ( Ce, Ru) was 
detectable in ground-level air durina the first half of January. 
Fig. 4.1.3. The 'New Ajr Sampler". Two of the six filters are 
/isible. Tr 
mJ filter. 
v ot;»l filterarea 1.6 m' . Capacity: ~ 0.3 m1 s" per 
4.2. Strontium-90 in precipitation 
Samples of rain water were collected in 1979 from the State ex-
perimental farms (cf. fig. 4.2) in accordance with the prin-
ciples laid down in Risø Report No. 63, p. 511*. 
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10CE 12°E 15°E 
Fio. 4.2. State experimental farms in Denmark. 
90 
Table 4.2.1 shows the results of the Sr determinations and 
Tables 4.2.2 and 4.2.3 the analysis of variance of the results. 
The maximum concentration in precipitation occurred in May-June 
90 -1 
when the mean content xn precipitation was 0.52 pCi Sr 1 
(cf. also the air measurements in 4.1.1), and the maximum fall-
on _2 
out rate also occurred in May-June, 0,056 mCi Sr km . The 
mean levels for ten State experimental farms were 0.166 mCi 
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Table 4 . 2 . 1 . A . stror.tium-40 f a l l - o u t ir. Denmark in 1»7» 
P e r i o d 
Jar . -Feb 
Karch-Apr i 
n a y - J u n e 
J u l y - A u g 
S e p t - O c t 
KOV-CCC 
1 9 7 9 
mn p r e c i p i 
*From Nov-
u m t 














I - 1 
krT 2 
I - 1 
tan'2 
, - 1 
knT 2 
I " 1 
k m ' 2 
I " 1 
k n - 2 
I ' 1 
to"2 
I " 1 i 
k * - 2 : 
t a t i o n I 
Dec I t u d s g a r d 
T y l s t r u p 
0 . 5 2 
0 . 0 1 3 5 
0 . 3 4 
0 . 0 3 0 
0 . 3 2 
O . 0 4 * 
3 . 2 3 
0 . 0 1 0 
0 . 1 2 « 
0 . 0 1 6 4 
0 . 0 « ! 
0 . 0 1 2 1 
0 . 2 3 
0 . 1 5 1 
442 
h a s b e e n 
S t u d s -
g i r d « 
0 . 2 4 
0 . 0 0 * 5 
0 . 4 7 
0 . 0 5 6 
0 . 4 2 
0 . 0 5 0 
0 . 2 4 
0 . 0 1 1 9 
o . i a j 
0 . 0 3 4 
0 . 0 7 7 
0 . 0 2 1 
3 . 2 4 
0 . 1 * 3 
7 5 1 
Oduet 
0 . 5 6 A 
0 . 0 0 6 I A 
0 . 4 2 
0 . 0 3 7 
0 . 4 4 
0 . 0 4 * 
0 . 1 6 « 
0 . 0 2 1 
0 . 1 4 2 
0 . 0 1 0 7 
0 . 0 7 5 
0 . 0 1 2 4 
0 . 2 3 
0 . 1 4 ) 
6 1 * 
Askov 
0 . 1 4 
0 . 0 1 4 0 
0 . 2 « 
0 . 0 1 2 
0 . 5 0 
0 . 0 5 4 
0 . 3 0 
0 . 0 4 S 
0 . 1 2 7 
0 . 0 2 0 
0 . 1 3 5 
0 . 0 1 5 * 
0 . 2 6 
0 . 1 * 1 
4 0 * 
r e p l a c e d b y B o r r i s (c l 
S t . J y n -
d e v a d 
0 . 3 1 
0 . 0 1 1 0 
0 . 4 4 
0 . 0 4 * 
0 . 4 ) 
0 . 0 ( 2 
0 . 3 2 
0 . 0 3 * 
0 . 1 4 2 
0 . 0 1 6 0 
0 . 0 5 7 
0 . 0 1 5 4 
0 . 2 7 
0 . 2 1 i 
7*5 
. F i a . 4 . 
t l e n e -
s t e d -
a a r d 
0 . 4 2 
0 . 0 1 2 0 
0 . 5 3 
0 . 0 4 4 
0 . 3 4 
0 . 0 5 4 
0 . 2 « 
0 . 0 2 5 
0 . 2 5 
0 . 0 1 2 * 
0 . 0 4 5 
0 . 0 1 2 9 
0 . 2 7 
0 . 1 « ) 
613 
2 ) . 
T y s t o f t e 
1 . 3 0 
0 . 0 0 * 9 
0 . * 5 
0 . 0 ) 0 
0 . 4 2 
0 . 0 * 0 
0 . 2 * 
0 . 0 4 5 
0 . 2 « 
0 . 0 1 4 3 
0 . 0 * 2 
0 . 0 1 * 2 
0 . 3 3 
0 . 1 7 4 
532 
Abed 
0 . 4 7 A 
0 . 0 0 4 4 A 
0 . 4 * 
0 . 0 3 4 
0 . 4 1 
0 . 0 4 5 
0 . 2 4 
0 . 0 3 7 
0 . 1 * 4 
0 . 0 1 3 2 
0 . 0 7 2 
0 . 0 1 3 * 
0 . 2 « 
C I S * 
57« 
Å k i r k e b y 
0 . 4 2 
0 . 0 1 0 7 
0 . 4 4 
0 . 0 2 9 
0 . 1 2 
0 . 0 5 0 
0 . 1 3 0 • 
0 . 0 1 6 M 
0 . 5 1 
0 . 0 1 3 1 
0 . 0 * 6 
0 . 0 1 6 1 
0 . 2 * 




0 . 7 0 A 
0 .C051A 
0 . 4 5 
0 . 0 2 5 
0 . » 7 
0 . 0 6 2 
0 . 1 S 0 
0 . 0 2 2 
P . 6 0 
0 . 0 1 5 0 
0 . 1 4 0 
0 . 0 2 « 
0 . 3 2 
0 . 1 5 5 
4*5 
man 
0 . 4 4 
0 . 0 0 9 6 
0 . 4 6 
0 . 0 3 7 
0 . 5 2 
0 . 0 5 6 
0 . 2 3 
0 . 0 3 0 
0 . 1 M 
0 . 0 1 6 * 
0 . 0 * 6 
0 . 0 1 6 3 
0 . 2 7 
0 . 1 * 6 
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x 1 .5 
' t i.é 
I.t 
0 . 3 1 
15 
l.l 
1 5 . S 









I I A 
C.ISA 
I S . 5 
1 . 3 7 
It.i 




• . 4 « 
f . J 
1 . 4 * 













» . » • 
4 . 1 
*.» 
I I . i 
9.41 
It.i 
l . l 
li 
} . « 
I I . 1 
1 . 4 4 
i . 3 
« . S » 
l.l 
1 . 5 1 
1 « . « 
7 . 4 
I S . 5 
1 . 4 4 
!».* 
Kti 
U . J 
J . l 
4 . « 
» . •» 
• . » 
1 . 4 7 
1.4 
1 . 4 1 
I I . « 










t . i i 
3 . 4 
t.tt 
11.1 
1 . 4 
1 7 . 4 A 
0.Z4A 




1 . 4 
1 . 3 7 
1.1 
1 . 4 4 
f.r 
» . S I 
4 . « 









» l . f 
« . 4 I 
3 . 1 
t.tt 
19.1 
5 . 1 
f« A 
I . I I 4 A 
I I . « 
9.91 
it 
f . ) 






















m putcipitation t t . t t l 0.751 t . t l l t . t t l t . l t i 9.tit t . i i t 1.574 1.4*4 I .4IS « .«!? 
*f\tm NevPcc Studietid hat t e c * Mplacid by »«•,*•<» (cif. fig. 4.1). 
•IQ _ 
•_il •;_?^-_-i• A r . i i y s i s of variar .ee of Ir. pCi Sr 1 
• i ? : t a U u n ir. i 9 ' 9 {from Table 4 . 2 . 1 . A ) 
i ' j r M ' . K Æ SSD f s * v P 
..-«•-;. -!i.-.th:i 25.191 5 S.018 18.057 • 99.95* 
;.-•*-.- Locations 2.256 9 0.251 1.894 
.•:-!ir.a,r 5.957 45 0.112 15.127 
90 -2 
:.tblt 4.-. i. Analysis of variar.ee of In pCi Sr km 
nr.--ipit-it.ion ir. 1979 (fron Table 4.2.1.A) 
:;.SD 
•twt.-«;r. north:: 21.159 5 4.232 44.050 .- 99.95X 
:MIV,T. locations v.979 9 0.109 1.'12 
•r-.air.di.r 4.123 45 0.096 0.259 
90 2 90 1 
Sr km and 0.27 pCi Sr 1 . The fallout rate in 1979 was 
90 0.36 times that observed in 1978. The Sr deposition in 1979 
was 1.1 times higher in Jutland than in the Islands. The ANOVA 
showed no significant local variation in 1979. 
A comparison between the yearly amounts of precipitation found 
9) in the rain gauges used by the Danish Meteorological Institute 
and the amounts collected in our rain bottles at the same ten 
locations in 1979 showed a mean ratio of 1.21+0.16 ( 1 SD) be-
tween the two sampling systems. 
137 Table 4.2.5 shows the Cs levels in rain water collected at 
2 137 
a new 10 m rain collector. The Cs concentrations in the 
90 
rain were as in 1978 lower than expected from the Sr precipi-
137 90 tation levels (4.2.1) and from the Cs/ Sr air ratio (4.1.2). 
137 The effluent from the ion exchange column contains Cs and 
from 1980 the amount of resin in the column has been increased 
in order to improve the efficiency of the column. 
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Table 4 . 2 . 5 . A . Cesium-137 in r a i n water c o l l e c t e d i n a b ig 
i o n - e x c h a n g e column c o l l e c t o r a t R i s e in 1979 (sampling 















































Table 4 . 2 . 5 . 8 . Cea^um-J37 in lain until collected in a lu'.i 
i o n - e x c h a n g e column colltctox at Rita in '979 Uampi'<ua 
cuita 10 m) 





































1979 I O.it 10.4 Z 3 . 9 
4 . 3 . Freeh water 
4.3.1. Strontlum-90 In ground water 
As In previous years , ground water was collected In March 







10° E 12°E 15°E 
Fig. 4.3.1.1. Ground water sampling locations in Denmark. 
Denmark. Figure 4.3.1.1 shows the sample locations and table 
90 4.3.1 the results of the Sr analyses. 
90 The median level of Sr in 1979 was compatible with the values 
found since 1967 (cf. fig. 4.3.1.2). 
90 As appears from fig. 4.3.1.3, the Sr levels in ground water 
from Feldbak have been around 1.5-2 pCi 1~ in later years. 
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137 
Cs was not measurable in 45 1 samples of Peldbak water from 
1977, 1978, 1979 and 1980; the levels must have been less than 
0.2 pCi 137Cs l"1. 
Table 4 .3 .1 .A. Strcntiua-90 in ground water 
co l l ec ted in March 1979 
Tabic 4 . 3 . 1 . 1 . Sttøntimm-10 in g*o+n4 awtc* 





fd *°Sr I"1 
S.2» 
S.4 





Renne o l d 
H a s s e l e 
F a r e t o f t e 
Kalundborg 
Ravnholt 
F r e d e r i c i a 
0 . 6 
IMO 
4 .S 
1 . 5 A 
17 
4 . 7 B 
2 . 0 
37 
5 . 9 A 
19 
0 . 0 7 7 
0 . 0 3 0 
0 . 0 4 0 
0 . 0 1 0 
0 . 0 4 2 
0 . 1 4 3 
0 . 1 2 2 
0 . 0 3 « 
0 . 1 3 5 
0 . 0 M 
0.072« 
0.060 




in Roskilde contained 24 fCi Sr 1~ and 
0.0876 g Ca 1' 
* Peldbak was not included in the geometric 
mean. 





























» . • 7 7 
o.tst 
« . • « • 
0.010 
0.041 
J . M S 
0.1 It 
• . 0 3 6 
« . 135 
• . O i l 
• , 0 7 f « 
«.«* 
A laapCc oj axøuni w*tt\ ilom Hmgltkildt 
in Roihildt containtd Ø.lf •« m' and 
0.017« kg C« «T5. 



































65 70 75 80 85 
YEAR 
Fla. 4.3.1.3. Strontium-W in ground water at Peldbak 1961-1979. 
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4.3.2. Strontium-90 in fresh water from Danish streams and lakes 
In February 1979 we collected fresh water from Danish lakes and 
streams from the locations shown in fig. 4.3.2.1. The results 
90 
are shown in Table 4.3.2 and fig. 4.3.2.2 shows the Sr con-
centrations since 1971. 
The levels in streams have been nearly constant during the 
sevenLies and so have the concentrations in lakes except in 
1977. The various locations have throughout the period shown 
the same pattern. Ribe å shows approximately 4 times lower 
90 
Sr concentrations than Læsa and Flyndersø is approximately 8 
10°E 12°E 
10°E 12°E 15°E 
Fig. 4.3.2.1. Sample locations for fresh water from Danish streams and lakes. 
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Table 4.3.2.A. Strontiun-90 in Danish streans and lakes in February 1979 
I : 
I I : 





V I I I : 
Mean 
±1 S . 
North J u t l a n d 
East Jut land 
West Jut land 
South Jut land 
Tunen 
Zealand 
L o l l a n d - F a l s t e r 
Bornholm* 
E. 







H a l s t e d å 
Lsså 
Streams 
pCi 9 ° S r I " 1 
0 . 4 0 
0 . 1 8 0 
0 . 2 3 
0 . 1 3 4 
0 . 3 1 
0 . 3 2 
0 . 4 6 
0 . 5 7 
0 . 3 3 
0 .05 
g C a l L 
0 . 0 4 5 
0 . 0 5 5 
0 . 0 3 0 
0.C69 
0 . 1 1 6 
0 . 1 1 5 
0 . 2 1 1 
0 . 0 6 8 
0 . 0 8 9 
0 . 0 2 1 
Norssø 
Mosso 
P l y n d e r s o 
Hostrup s o 







9 0 s r I" 1 
1 .98 
0 . 3 5 
0 . 2 5 
2 . 7 9 
1 . 1 7 
0 . 8 9 
1 .57 
0 . 8 8 
1 .24 
0 . 3 0 
g Ca 1" 
0 .044 
0 . 0 6 0 
0 .044 
0 . 0 3 9 
0 . 1 2 1 
0 . 0 7 9 
0 . 1 1 1 
0 . 0 3 2 
0 . 0 6 6 
0 . 0 1 2 
-1 

















Lo Iland -fait ten. 
Boinholm* 












6 . 7 
* . 5 













































90 times lower than Norssø. The constancy of the Sr levels In 
streams and lakes suggests that these concentrations depend 
90 primarily upon the accumulated Sr in the soil rather than 
90 
























J I I I I I I I I I I I L_l I I I I L 




Fig. 4,3.2,2. Strontium-90 concentrations (- 1 SE) in 8 Danish 
streams and 8 Danish lakes collected every second year since 
1971. 
4.3.3. Strontium-90 in Danish drinking water 
Drinking water was collected from the eight zones in the years 
1965-1973 . Since then no samples have been collected. In 
April 1979 the sampling was taken up again. The water was col-
lected in six towns in each zone and in Copenhagen. The sampling 
represented the drinking water of 50X of the Danish population. 
90 The results of the Sr determinations are shown in Table 4.3.3. 
Compared with the previous measurements, there is no significant 
90 
change in the Danish drinking water Sr concentrations. The 
90 -1 
median level is on the order of 10 fCi Sr 1 , i.e. similar to 
that observed in Danish ground water. We have thus found no 
90 indications of high Sr concentrations similar to the water 
from Feldbak (cf. Table 4.3.1), and the contribution of surface 
water to the Danish drinking water does not enhance the drink-
90 ing water Sr levels to concentrations similar to those found 
in Danish streams and lakes (cf. Table 4.3.2). 
- S7 -
Table 4.3.3.A- Strontium-90 in Danish drinking 
water in April 1979 
Table 4.1.3.8. St\o*ti.um-90 in Vanitk 
dninking Mate« in Apuil 1171 

































































































4.4. Strontium-90, Cesium-137 and Cesium-134 in sea water 
in 1979 
As in previous years, sea water samples were collected by M/S 
Pyrholm in the summer from inner Danish waters. The winter 
sampling was made partly by car from land in November 1979-
January 1980, due to bad weather conditions (cf. Table 4.4.1 
and figs. 4.4.1 and 4.4.2). Furthermore, sea water samples 
were collected at BarsebSck in the Sound (Table 4.4.2), and at 
Ringhals in the Kattegat (Table 4.4.3). Samples from the North 
Sea were obtained from the State ship "Martin Knudsen", "Nord-
jylland" and "Nordsøen" (fig. 4.4.4 and Table 4.4.4) 
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T*Pi.e 4.4.i.A. Strontium-9u, Ce»»un-U7 and Ce»ium-134 in sea water collected around Zealand in June 
1*79. November 197* and January 1**3 











































































































































1 3 4C. . sal, 
pci » o/ 
0.09 14 
0.23 32 
0.07 A la 
0.22 34 
0.01 A 15 
0.1B 34 











0.05 B 11 
B.D.L. 11 
0.06 16 




















































































Ttatt t.i.l.l. Stteattua-«g, Ct««ua-tJ7 aarf Ce»«.iia-IJ4 
M7f , t a i n t i t I f 7 f «arf J«aa«y I f i l 
ia u « attCct cellcctcd *ttfua4 l'f<{£aa -4a Juac 
Pø44t4L>a Jaac Nvvcafcc« I f7 f tmé J«aa«4y 1*11 
» C ttptk "s* . ' " c » , " ' c « . S*li*ita ttrtt " j » , ' " c « , ' " f t , Sct ia i ty 
»K a l t a" 1 I« a" ' I t » " ' t/tt <a a I t » la a ' ' I t a"1 • / • » 
(uUca St ' lS* l ( ° t S ' 9 1«.« 47 I .J U . I < 74 ( I 4.« t l . 7 
71 13.J I»4 I.S J l . f 77 17 5.4 f t . ) 
N u i i d I t ' l g ' n ° 4 7 ' g J« 7.t * I I . 1 > 71 »4 1.7 77.» 
77 IJ3 I . l 14.t 
Kttttttt J« M ' l l ' l ! ° I I ' 1 tS 41 5.g A I I . J I 51 t.t tt.t 
44 It* 4.1 34.3 
Aaau t«v i S 0 « ! ' 10°*7• g 41 i . l I ! > . ] g 47 7.» 11.7 
41 41 I t4 1.« I t . « 
NaJakev Mv SS°t«' l l ' g f g i t 3« I . P . t . 13.f « 14 I . I 1 15.5 
sg t«4 ».» J I . I 
Ltnttttxd bmtt 54°5?' ig'sg' g 41 7.* i t .4 
51 »5 5.1 jg.7 
Fucta bile ^4°^é• i i ' g s ' 0 11 i t I . I . I . 11.t g t i i t 1.1 1 17.4 
t7 11.5 71 t.t »t.J 
c t i i u tcv i4°tt ' i t ' i f g 77 i . s . i . ig.4 4 it 1.1 1 11.7 
15 57 l . » . l . »4.J 
Mm 54°57' 7f c4l ' g 75 I f .7 1.0.1. ig.J 
70 SC I . l 1 11.1 
Tat Sound - Stalk 5 ' * t 5 ' I7 8 3f ' g 77 1.0.L. 11.7 
• • • I f 41 J.J ig.g 
Till Sound - Noltd A SS°4I' It'tf C 71 47 7.7 1 I I . g g I I 4.4 f t 
* i f n i 7.g J J . I n » j t i 5.f JJ 
The Stunt - HtKtk 1 S5°5f I7°47' 0 tt I . P . I . 17.t « f t IS J.g A (5 
71 l ig 4.7 35.4 15 I I I t . 7 I t 
Mean Ju1<acc 7) 34 14.f 71 51 74 
St I ig 7.f 1 I I 5 
si i 3 g. i i t i 
MM* l o t tea 77 «4 14.0 tt |gg JJ 
St 17 35 7.4 15 J 
SC I I 1« 7.7 1 1 
2.0 
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80 85 
Fia. 4.4.1. Strontium-90 in surface sea water from inner 
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1972 1974 1976 1978 1980 1982 1984 
YEAR 
Pia. 4.4.2. Ceslum-137 in bottom and surface water collected 
in inner Danish waters 1972-1979. 
- 61 -
Tabla 4.4.2.A. Strontium.««. Caslwa-137 
lactad in tha Sound ItUHblck) in 1*79 
and caalun-134 in aaa uatar col-
Saaslino, location Data Dapth 






































































0 . 4 » 
0 . 6 0 
1.10 
2 .08 
2 1 . 6 
26 .3 
T«Ut 4.4,1.g. St\ontium-*0, Ct*ium-I}7 and Cttium-1}4 in ita wattl cot-
Itcttd in tkl Sound (låticbjck) in 1*7* 
Samptinq 
U{. Fis . 
location Vatt Vtpth 
S.1.1) in m 
*0 Sx 'i7Ci ,34d SaUnitij 
S« • Bi) m »0 . - 3 
l oca t ion JJ 
" 
l oca t ion 34 
it it 

















































































Tabla 4.4.3.A. Stroetiua>*0. C I I I I B - 1 ) 7 ar.4 C«siu*>~114 in » • vat«r collect«* at »in«t»»l» in 1*7* 
(cf. also 3.2) 
Saapling location (cf. Fi«. 1.2.2.) "«y 
Ovpth l l TCs , 1 J*C» Salinity Daath 
in m pCi 1 pCi 1 o/as m • 









































































































































































































































11°E 12°E 13°E 
F I J - 4 . 4 . 3 . Sea water locat ions around Zealand. 
134 In 1979 Cs was detectable in most Danish sea water samples. 
In order to estimate the age of the Cs, which we assume orig-
inates from Windscale, wo will consider only samples from inner 
Danish waters collected in May-June with a salinity greater 
than 30 o/oo. In this water the contribution of fallout 137 CB 
- 64 -
Table 4.4.4.A. Stror.ti-i-r.-90. Cesiur.-13? ar.d Cesi'ir.-134 
collected at the North Sea and Skagerak in 1979 
surface sea water 
Position 90 -1 Date Sr pCi 1 












































































) M/S "Martin 
Knudsen" 
1 collected by M/S "Nord Jylland" 
Tabte 4.4.4.8. Stlontitim-90, Ctiium-137 and Cuium-1}4 in iuniact i ea uatti colltcttd 
at tht Hoitk Sea and Skagetak in 1979 
Potition Vatl 99S* 8 , m"3 ' 3 7 C * 8 , « - 3 











$7°41,H 10°10'E 11/11 
55° r7*6"N 07°07'5"E P e c . 
57°41,9*N n ° l 7 , 5 ' E 
































137 is on the order of 5% of the total Cs, and may thus be neg-
137 lected. In other words, the Cs in the water with a t ilinity 
greater than 30 o/oo is nearly exclusively of Windscale origin, 
and the Cs/ Cs ratios represent the decayed ratios in 
We find a mean Cs/ Cs ratio equal to Windscale releases. 
0.063+0.002 (1 SE) (14 determinations). 
ratio in windscale releases from 1976 was 0.066 
The decay-corrected 
10) 
. Hence, we 
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62°N 
4°W 2°W 0° 2'E L°E 6LE 8CE 10CE 12CE 
62°N 
60° N — 
59° N ^ - ^ 
i°W 2°W 0° 2°E 4°E 6°E 8°E 10°E 12°E 
O 0 -1 pCi 137Cs I -1 fr 3-4 pCi 137Cs T1 
$ 1 - 2 # 4 - 5 
8 2-3 • 8-9 
99 99 t* 
99 99 99 
Fia. 4.4.4. Cesium-137 concentrations in surface water collected 
in the North Sea and Skagerak (cf. table 4.4.4) in 1979. 
conclude that our estimate from 1978 of the transport time 
of Windscale releases to Danish waters of 3 years could not be 
rejected. However, the decay-corrected Cs/ Cs for the 
1975 release was 0.059, so a transport time of 4 years is also 
possible. Pig. 4.4.7 shows that the best regression was ob-




O 35%o (North Sea water) 
O 16 %o (typical surface 
water) 
V 10 %o (Baltic water) 
1 , 
o


















j — i _ i 
1982 1984 
YEAR 
Fig. 4.4.6. Cesium-137 in inner Danish maters of 3 different 
salinities (1972-1979). The values were calculated frost the re-
gression equations in 4.4. 
Bq w C s s'1 x 10s 
0 50 100 150 200 250 300 
« 2 o 
O 
Q. 
T T r | t i i T ] I T i i i i i i i [ i i i i [ i i t t | 
O vy 0.68*174 MCi(i.t, -1125 
^ 0.63* 14.2 MCiti.M _ 100 





0.00 0.05 0.10 0.15 
MCi137Cs y'1 
0.20 0.25 
ria. 4.4.7. Cesium-137 in Danish bottom sea water (salinity 35 o/oo) 
1972-1979 as a function of the releases from windscale 4 years 
( V7 — -) and 3 years ( o ) prior to the sea water 
sampling. 
_ 67 _ 
As was done earlier we calculated the regression equations be-

































































nalysis did not show significant or probably 
ession except in 1967-1971, 1972 and in 1974. 
PCi 137CS I"1 
pci 137cs i"1 
PCi 137cs I"1 
pci 137cs i"1 
PCi 137CS I'1 
pCi 137CS I"1 
PCi 137CS I'1 
PCi 137CS I"1 
0.80 - 0.0043 o/oo (1972) 
0.60 + 0.012 o/oo (1973) 
= 0.54 • 0.018 
; 0.64 + 0.010 
= 0.53 • 0.019 
= 0.41 + 0.027 






=-0.90 + 0.120 o/oo (1979) 
The regression analysis showed significant or probably signifi-
cant regression in all years except in 1972. 
According to the aLove regression lines, the wean levels in 
Danish surface waters (16 o/oo salinity) were estimated at 0.62 
pCi 90Sr 1_1 and 1.02 pCi 137Cs l"1 in 1979. The corresponding 
levels in North Sea water (34 o/oo) were 0.47 and 3.2, respect-
ively, and in Baltic water (9 o/oo) the equations gave 0.68 and 
0.18, respectively (cf. fig. 4.4.6). 
4-5. Soil samples 
No soil samples were collected in 1979. 
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4.6. Sediments 
4.6.1. Radiocesium in marine sediments collected in "Dybe 
Rende", the Kattegat 
In August 1979 the Marine Pollution Laboratory in Copenhagen 
collected a HAPS sediment core in "Dybe Rende" (57°48,9'N, 
11 13'E) in the Kattegat. The sample was divided into 2-cm 
thick slices and measured for radiocesium. 
137 Table 4.6.1 shows that Cs was detectable all the way down. 
The 22-24.5-cm layer may have been contaminated by surface ma-
terial and is therefore excluded. 
134 The presence of Cs in the upper 12 cm of the sediment core 
suggests the presence of "Windscale radiocesium". The expected 
Cs/ Cs in this "Windscale radiocesium" may be estimated 
from the ratios in the Windscale releases and from the trans-
port time from Windscale to Danich waters. The latter was 
estimated at 3-4 years (cf. 4.4). The activity-weighted esti-
mated Cs/ Cs ratio becomes 0.05 in August 1979. If this 
137 
is true, all Cs in the upper 6 cm of the sediments is pre-
sumed to come from Windscale. In the 6-8 cm layer approximate-
137 ly 89X and in the 8-12 cm layer 60% of Cs are from Windscale. 
If we correct our figures with the contributions from Windscale 
137 
we estimate the Cs fallout in the sediments to be approxi-
_2 
mately 40 mCi km , which is approximately two times higher 
than generally observed in marine sediments from Danish waters. 
4.6.2. Cesium-137 in lake sediments 
During the winter, lake sediments were collected from the lakes 
which are also used for gathering fresh water samples (cf. fig. 
4.3.2.1). The samples were collected by the HAPS sampler (used 
for marine sediments) through a hole in the ice (cf. fig. 
4.6.2.1). After the sampling the sediment core was cut into 
3-cm thick slices (cf. fig. 4.6.2.2). Table 4.6.2 shows the 
137 
Cs levels in the various layers. There was no correlation 
137 -2 90 -1 
between mCi Cs km in sediments and pCi Sr 1 in lake 
137 
water (cf. Table 4.3.2). The integrated Cs levels varied 
- 69 -





















































































































































































0-14. 5 1 3850 I 117 
*Hot inttudid in tht mm. 
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Table 4.6.J.A. Ces 
February 1979 
Zones 
I: North Jutland 
Norsse 
Nordso 
II: East Jutland 
MOSS? 
Mosso 
III: West Jutland 
Flynderso 
Flynders© 



























































in sediment collected 
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1 I . 6 « I 0 * 3 
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Stndiitt 0-11 170 
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between 7 and 31 mCi km 
ments (Table 3.2.4.1). 
-2 i.e. similar to that of marine sedi-
The distribution of Cs down through the sediment column in 
Norsso and Mosso differed significantly. In Norsso nearly all 
the activity was found in the upper 3 cm of the sediments, 
which may indicate a slow sedimentation rate as well as a low 
137 bioturbation, in contrast to Mosso, where the Cs was nearly 
evenly distributed down to 12 cm. 
In 1975 and 1976 the 137 Cs concentration in lake water from 
From 137 -1 Norsso was measured to 0.17+0.2 (1 SD) pCi Cs 1 
this the K, value for the upper sediment layer (0-3 cm) was 
estimated at 6 x 10 .Lake water analyses were also available 
for Flyndersø and Hostrup sø and the K, values for these lakes 
3 3 
became 1 * 10 and 4 * 10 , respectively. Thus, we may conclude 
that the sediments in Norsso show a relatively high K, value 
137 for Cs. 
Fig. 4.6.2.1. The HAPS sediment sampler operated on a pole 
througn a hole in the ice. 
< * 
' ' ^ ^ P J E 
* » 
F i q . 4 . 6 . 
t h e liAP.'i. 
- l i n n r -ii K'.ko :;<-ri l i - . -n t : r - i r r ; ; r n l l r r t c d by 
4.6.3. Sediments from Roskilde Fjord 
North of the outlet from the Waste Treatment Station at Risø 
(fig. 3.1.2.1), marine sediment samples were collected with a 
HAPS sampler. A core down to a depth of approximately 15 cm 
was analysed by Ge (y) spectrometry. Table 4.6.3 shows the re-
sults, which were similar to those in previous years, (except 
1978) . If we assume bioturbation to be negligible and if the 
3-6 cm layer contains the maximum fallout years 1962-1964 the 
sedimentation rate is in the order of 2-3 mm per year. 
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Table 4.6.3.A. Cesium-137 in scdinent samples collected 




 Month pCi U 7 C , kg"1 «Ci 1 3 7C. k»-2 in cut 
0-15 June 175 27 
0-3 Nov 290 8.3 
3-6 - 380 10.4 
6-9 " 170 5.3 
9-12 " 62 2.1 
12-14 » 74 1.4 
0-14 Z 28 
Tabte 4.6.5.B. Ce4-c.ua-> 37 -in itdimtnt tamplti cotltcttd 
in Kakiide rjoid in »979. (HAPS) I145 cm1) 
V
">th lionth 6, ' 3 7C 4 kg"' 8, ,37C* -T* 
in cm ^ J ^ 
0-15 June 6.5 1000 
0-3 Nov 10.1 310 
3-6 ' 14.1 310 
6-9 " 4.3 »9* 
l-'.t " 1.3 71 
1Z-U " 1.7 52 0-14 Z 1010 
— ; D -
5. DANISH FOOD AND VARIOUS VEGETATION 
by A. Aarkrog 
5.1. Strontium-90 and Cesium-137 in dried milk from the entire 
country 
As in previous years, monthly samples of dried milk were col~ 
lected from seven locations in Denmark (cf. fig. 5.1.1). Table 








10° E 12°E 15°E 
Fig. 5.1.1. Dried nilk factories IP Denmark. 
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Table 5.1.1.A. Strontium-90 (pCi (g C») ) m Danish dn«d etilk in 1979 
























































































































As 1 litre of milk contains 1.2 g Ca, the mean Sr content in Danish milk 
produced in 1979 was 3.5 pCi 1~ . Figures in brackets calculated from 
VAR3 . The error term is 1 5.E. of the mean of double determinations. 
Tabic 5.1.1.S. SVttntium-10 (8» (kg C«l*'l in Vaniik dlitd milk in 1171 























































































































Mean 111 lli 130 133 tl It 61 107 
A* I cubic-mitit oi milk contain* 1.1 kg Ca, the mtan Si conttnt in Vanith 
milk p-.oducid in 1171 MM* III Bq *• . T iguia in bxacktt* catculatid ixom 
VAt S .The eilot turn it 1 S.E. o& <(ie mtan ot dou'jlt dtti\minaliont. 
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5.1.2 the analysis of variance of the results. As in recent 
years, the time variation was significant for S.U.; the levels 
in the second quarter of the year were the highest. The S.U. 
mean level in '. 
the 1978 mean. 
90 -1 1979 was 2.9 pci Sr (g Ca) , i.e. 0.9 times 
As previously, milk from eastern Denmark showed significantly 
lower levels than that from Jutland. 
90 1 
Table 5.1.2. Analysis of variance of In pCi Sr (g Ca) 
in Danish dried milk in 1979 (from Table 5.1.1.At 
Variation S5D f s 
Between months 1.211 11 0.110 3.595 > 99.9V 
Between locations 5.47« 6 0.946 30.895 > 99.95« 
Months x locations 1.960 64 0.031 0.519 
Remainder 0.826 14 0.059 
137 Table 5.1.3 shows the results of the Cs determinations and 
137 Table 5.1.4 the analysis of variance of the results. The Cs 
mean level in 1979 was 2.9 pCi 'cs (g K> , or 0.7 times the 
1978 level. 
90 137 Figures 5.1.2-5.1.5 show the Sr and Cs levels in dried 
milk compared with the predicted values (cf. Appendix C). The 
90 
observed Sr levels in 1979 were 0.97 times the predicted, 
137 
while the observed Cs levels were 1.00 times the predicted 
ones. 
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3.7 3.1 4.J 3.8 1.97 1.75 1.75 2.9 
As 1 litre of milk contains approx. 1.66 g K, the mean 
Danish milk produced in 1979 was estimated at 4.8 pCi 1 
brackets calculated from VAR3121. 
137 
-1 
Cs content in 
Figures in 
Tabte 5.1.3.8. Ct*ium-137 in Oanith d\ild milk in 1979. {Unit: 8q (feg Kl"') 
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Table 5.1.4. Analysis of variance of In Cs trj K) 
in Danish dried milk (from Table 5.1.3.A) 
Variation SSD f s v P 
Between months 2.266 
Between locations 11.500 
Remainder 2.386 
11 0.206 5.612 H<).V,X 
6 1.917 52.219 - 99.9r.X 
65 0.037 
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Fia. 5.1.4. Predicted and observed M.U. levels in dried milk from The Islands (May 1962-Aprii 1980) 





















55 60 65 70 75 
YEAR 
80 85 90 
Fig. 5.1.5. Predicted and observed M.U. levels in dried milfc from Jutland (May 1962-April 1980) 
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5.2. Fresh milk 
No samples in 1979. 
5.3. Strontium-90 and Cesium-137 in grain from the entire 
country 
As in previous years, grain samples were obtained from the 
State experimental farms (cf. fig. 4.2). Strontium-90 was de-
termined as previously (Risø Report No. 63 ' ) , and Cs was 
measured on fresh samples by Y-spectrometry on a Ge detector. 
90 Table 5.3.1 shows the measurements of Sr in grain in 1979. 
According to Appendix B, approx. 2/3 of all rye in Denmark is 
grown in Jutland and 1/3 in the eastern part of the country. 
As regards wheat, 4/5 is produced in eastern Denmark and 1/5 
in Jutland. In the calculation of the means in Tables 5.3.1 
and 5.3.4, Jutland is represented by four rye samples and six 
wheat samples, while eastern Denmark contributes nine wheat and 
four rye samples. Thus the means in Table 5.3.1 for wheat are 
higher than the production-weighted means for the country while 
the mean for rye is lower because the levels in Jutland are 
higher than those in East Denmark. Table 5.3.2 gives the ana-
lysis of variance of the S.U. figures and Table 5.3.3 that of 
90 -1 the pCi Sr kg grain figures. 
Table 5.3.2 shows that the variations in S.U. between species 
ard locations were significant. Furthermore, the interaction 
between species and locations was significant. Rye and wheat 
showed the highest S.U. levels and oats the lowest. The pCi 
90 -1 
3r kg figures did not show any significant difference be-
tween species (cf. Table 5.3.3). 
As in previous years, the variation with location was highly 
90 -1 
significant; the mean pCi Sr kg level for grain from Jut-
land was 2.0 times that in eastern Denmark. The observed pCi 
90 -1 
Sr kg levels in grain from 1979 were 1.46 times those pre-
dicted (cf. Appendix C). 
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Table 5 . 3 . ^ . A . S t r o n t i u n - 9 0 in Dar.ish g r a i n in 1979 
Rye B a r l e y 
QQ _ 1 QQ _ I Q/\ \ QA • 
pCi Sr Kg S . U . pCl Sr kg S .U . pCi Sr kg S . U . pCl Sr kg S .U . 
T y l s t r u p 1 8 . 3 55 3 : 3 3 s : t 4 w:22 =1 w: 4 1 : 1 25 :0 3« :0 
s : 2 5 -1 s : £ 5 : 4
 x x 1 1 3 1 ? 
B o r r i s 2 1 : 1 6 1 : 0 K:32 : 0 w:66.-2 w „ '% „ , , 29 :5 3 6 : 6 
5 : 4 3 " 5 : 1 2 3 " » = 3 7 "2 s : , 2 ! 7 
Odurr. f; 2f
 c f_|" »:14.5 w: 41 17.8 20 
23 -2 27:2 
St. Jyndevad 34 84 o i ^ o i ° ^ w: 0.4 w: 23 61 77 
' v:37 w:80 
Funen 27:1 71:3 s:21 :2 3:37:2 5:15.2:1.4 5: 42; 4 24 :1 26:2 
T y s t o f t e 13 9 34 5 = 1 2 . 9 5 : 2 6 w : 1 9 . 2 w: 58
 2 3 
T y s t o t t e 1 3 . 9 34
 w : l l . 2 w : 1 6 . 5 5 : 1 1 . 7 s : 29 " 
. j ». w n -1 j 5 : 1 6 . 1 5 : 6 1 w : 1 5 . 7 w: 48 .,, -,. 
Ledreborg 1 4 . 0 34
 w . l 0 2 w . 2 1 ^ ^ ^ j ; J 3 24 24 
Abed s : i 2 . 4 * 1 . 3 s - .24:2 " : " - 5 : i * t - ! ^ ' A 1 0 . 5 : 0 . 0 1 3 . 1 : 0 . 1 
9 . 4 i : . 5 
Heart 20 54 23 49 1 9 . 5 51 24 29 
* Two di f ferent s o r t s . 
" S t u d i g å r d . 





































































































T a b t e 5 . 3 . 1 . S . S f ! ; •«(< ar»-9D t.i Drtrusf: p l a i n i n 197? 
Ri/e Batleij Wheat 
B<i fr.j"' Br- , 61) t j ' Be, . riq fej"' B() , 53 kg'' 8q . 
Us r a l " ' iko cu i " :fej c«i Ug cm 
T i y f s f t u p 0.6S 1000 s-.l.ll l-.MOO ul:0. il • O.01 i i ' : I 5 J 0 : 40 0 . 9 4 : 0 . 0 ! 1310'. 10 
i:0.91-0.0i i-.UOO-lOO 
it-.l.lfO.OO K-.UOO-tO 
A . - f . i S I ' * i:4600" 
0.76:0.04 HOC- 0 w i . l v 9 . O 0 .«': 1400 • I00 V VWA'W VAWILWA I.Ct'-O.II 1340:110 l:l.}ttO.0t 3 : 3 1 0 0 : 3 0 0 
5 : 0 . 9 0 1 : 1 5 7 0 flrfu- * ; » ; " i ; ( | J J «,<i.5« * . > s » « . . . 740 
4 a f e o u « W - 0 04 7 5 0 0 . 1 5 0 J = ' . 3 5 > 0 . S I J . - I 7 0 0 - 0 « : 0 . • ; : « . 03 w,1600tlOJ c . . . . . , , , . , , . 
W o
" O . W ' 0 . 0 « 7 5 0 0 - 1 5 0 „ . < , . 9 $ . ø . n j . „ . . («•<) .
 4 0 » j , ; . 1 9 . O . « 1 : 2 7 0 0 : 1 0 0 » • » 3 - ' ' - « 7 » » 0 : 9 0 
Sf. J > « v « d I . J5 »105 ' ' I ' l l 'MUS? K:0.l4 * : 150 ! . 3 7100 
funcn 0.9J-0.03 :<00->00 i: 0. 7 7 • 0. 0é s.-M«0:<0 l:0.5é:O.0S l : t 5 « O M 4 0 0.17:9.0} 1é0i 10 
i.A..k„.„ A t , ,,t» 4:0.59 6:1100 lAl-.O.it W.-I770 . ,, . . . 
'»«" 4:0.4^0.05 „ 170:90 ^ J ; ^ ^ :;'?"!'" »•"!"-" «"«« 
, . , , , .






 ' " «:0.49 w. «70 4:0.3J 4: 710 ' • " <"' 
Mean 0.75 7000 0.14 IttO 0.71 UtO 0.90 1010 
* Tuic d4.^iltni 4ptt4. 
• * s < u d 4 i j a - d . 
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Table 5.3.2. Analysis of variance of In S.U. in grain in 
1979 (fror. Table 5.3.1.A? 
2 2 Variation SSD f s v 
Between species 4.409 3 1.470 9.348 > 99.95X 
between locations 11.753 9 1.306 8.306 > 99.95X 
Spec, x loc. 3.930 25 0.157 2.615 > 99.5« 
Remainder 2.285 38 0.060 
90 -1 Table 5.3.3. Analysis of variance of In pCi Sr kg 
grain in 1979 (from Table 
V a r i a t i o n SSD 
Between s p e c i e s 0.197 
Between l o c a t i o n s 10.306 
ipec . x l o c . 4.542 
Remainder 1.679 



















> 99 .95* 
> 99.95X 
137 Table 5.3.4 shows the measurements of Cs in grain in 1979. 
137 The Cs mean level in grain from 1979 was 0.4 times the level 
in 1978. The fallout in May-August 1979 was also approx. 0.4 
times that of the fallout in May-August 1978. 
The ANOVA's (Tables 5.3.5 and 5.3.6) showed significant varia-
tion between species .(rye > the other species) and between loc-
ations (Jutland = 1.6 * The Islands). 
137 -1 The observed pCi Cs kg levels in grain from 1979 were o.86 
times those predicted (cf. Appendix C). 
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Table 5 .3 .4 .A. Cesn*m-137 in Danish grain in 1979 
T y l s t r u p 
B o m s 
Odun 
Askov 
S t . Jyndevad 
Furien 





* Two d i f f e r e n t 
• • S t u d s g å r d . 
Rye 
pci 1 3 7cs x,-1 
7 . 4 A 
1 4 . 5 
1 6 . 3 
2 0 . 7 
1 1 . 9 
9 . 0 
9 . 1 
B.6 
1 2 . 2 
s o r t s . 
K.U. 
1.66.* 
3 . 4 
3 . 6 
4 . 6 
2 . 6 
2 . 2 
2 . 3 
2 . 2 



















Bar l a y 
1 3 7 c , 
7 . 3 A 
1 2 . 5 
1 5 . 2 
1 7 . 4 " * 
7 . 4 
9 . 4 
a.a 
1 3 . 6 ; 
1 0 . 5 
1 6 . 9 
7 . 2 
8 . 3 
9 . 5 
7 . 2 
9 . 3 
7 . 0 
5 . 7 
5 . 7 
9 . 9 
1 
x , - 1 
9* 
H.U. 
S = 1 . 3 « A 
s : 3 . 3 
w : 3 . 9 
s : 3 . 4 * 
S r l . S O 
» : 2 . 0 
S : 1 . 9 2 
w: 1.2 = 0 . 5 
S- .2 .4 
w : 3 . 7 
s - 1 . 5 6 
•» = 1 .88 
w : 1 . 6 7 
s : 1 . 6 1 
w : 2 . 0 0 
s : 1 . 3 7 
s : 1 . 6 9 




















" e s 
7 . « 
7 . 3 
1 2 . 4 
7 .6 
1 0 . 1 
1 1 . • 
1 3 . 0 
5 . 4 
7 . 3 
9 . 0 
3 . 8 
7 . 4 
4 . 5 
7 . 3 
5 . 6 
5 . 0 




» : l . t 5 
v = 1 . 6 9 
S : 3 . 2 
W : l . » * 
Ms2.2 
s : 3 . 4 
W:3.1 
•>:1 .34 
w : 2 . 1 
s : 2 . 2 
W:1.08A 
s : 1 . 8 5 
w : 1 . 1 7 
s : l . « l 
w : 1 . 8 4 
5 : 1 . 5 5 
2 . 0 
o a t s 
1 J 7 c , 
7 . 8 
1 2 . 9 
» . 9 
1 4 . 3 
1 4 . 0 
1 0 . 6 
7 . 9 
7 . 6 
6 . 2 
5 .8 
9 .6 
mr1 K . D . 
1 . 7 6 
2 . 7 
1.91 
1 . 9 4 
3 . 4 
2 . 4 
2 . 1 
2 . 7 
1 . 9 2 
1 . 9 4 
2 . J 
Ttlblt S.1.4.S. Citium-137 in Vanith jutin it 1971 
ftyc SoJtlcy »heat Otti 






























4 : 0 . 2 7 A 
4:0.46 
w.O.it 
4 : 0 . 4 5 " 
4 : 0 . 2 7 
w : 0 . 3 5 
4 : 0 . 3 3 
«i:O.S0tO.O7» 




« : 0 . 3 5 
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UiO.34 
4 : 0 . l i 



















































4 : 0 . 3 3 
w : 0 . H M 
4 : 0 . 2 7 






































0 . 4 1 
0 .33 
0 .53 
0 . 5 2 
0 . J 9 
0 . 2 9 







• Tmo diiitltnt 601tt. 
•*Stud4aind. 
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Table S.3.5. Ar.aly^ .-. ot variance of In pCi Cs (g K)" 1 
in grain in 1979 (from Table 5.3.4.A) 
Variation SSD I s 
Between species 0.533 3 0.178 4.740 > 99* 
Between locations 3.310 9 0.368 9.809 > 99.95% 
Spec, x loc. 0.937 25 0.037 0.594 
Remainder 0.947 15 0.063 
Table 5.3.6. Analysis of variance of In pCi Cs kg" 
grain in 1979 (from Table 5.3.4.A) 
2 
Variation SSD f s 
Between species 0.819 3 0.273 10.978 > 99.95* 
Between locations 4.501 9 0.500 20.105 > 99.95X 
Spec, x loc. 0.*22 25 0.025 0.408 
Remainder 0.915 15 0.061 
Table 5 . ^ . 1 . A . S t r o n t iur.-9Q and C e s i u n - 1 3 7 m Danish bread c o l l e c t e d in June 1979 
Rye bread White bread 
pr i *°Sr kg l S .U. pCi 1 3 7 C s kg 1 H.U. pCi 9 0 S r kg" 1 S . U . pCi 1 3 7 C * kg'1 M.U. 
Juri-md 1 3 . 0 - 0 . 2 4 . 6 - 0 . 1 23 9 . 6 4 . 6 - - 0 . 1 2 . 3 ? 0 . 1 6 . 9 4 . 2 
The I s U n d s 1 6 . 1 - 0 . 0 5 .8 -T .O 24 3 . 8 4 . 1 t 0 . 2 2 . 1 * 0 . 1 6 . 5 4 . 7 
6.7 
-openhagen l f l . 4 - 0 . 3 9 . 7 . 0 . 1 29 B.6 3 . 6 : 0 . 0 2 .0rO.O 4 . 6 2 . 8 
P o p u l a t i o n - w e i g h t e d
 2 5 , 4 # J 2 2 6 2 < n 
nean 
libit 5 . 4 . ( . 8 . StioH'ium-iC and C n i o » - I i ; i n Vaniih bvtad collected in June 1911) 
ffr/€ biead Unite bwad 
8 4 M i , * , " ' B, " s , , I« ' " C i »a"' 8 , ' 3 7 C i 8 , ,0Si k.y' 8 , ' " s t , Bq'37Ctk,-' tq'"ct 
Ha cm (»g Ki"' (ftg c « ) " ;*9 c r ' 
Jutland i . ittll.tl 
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Fiq. 5.4. Sample locat ions for bread and t o t a l cliot. 
5.4. Strontium-90 and Cesium-137 in bread from the entire 
country 
In 1979, samples of white bread (75* extraction) and dark rye 
bread (100* extraction) were collected all over the country 
90 137 (cf. fig. 5.4) in June, and Sr and Cs were determined on 
137 pooled samples. The Cs determinations were carried out on 
the ash by Ge y-spectroscopy. 
- 90 -
Table 5.4.2. 
gram ir. 1979 
90 137 A comparison between Sr and Cs levels in bread and 
Bread activity 
in June 1979 
Nuclide Species calculated as . . 
grain in pCi kg" pci kg" 
(cf. text) 
Activity in grain "Bread'Ygrain 



















Table 5.4.1 shows the results. It is assumed that 1 kg flour 
yields approx. 1.35 kg bread and that wheat flour of 75X 
90 137 
extraction contains 2OX of the Sr and 5OX of the Cs found 
in wheat grain , while rye flour is 100X extraction. Hence 
we can compare the 1979 bread levels with the 1978 grain levels 
(cf. Table 5.4.2) . 
1*1* Strontium-90 and Cesium-137 in potatoes from the entire 
country 
The samples of potatoes were collected in September from eleven 
of the State experimental farms (cf. fig. 4.2) and analysed for 
90 137 
Sr and Cs {y-spectroscopy of bulked samples of the ash). 
90 137 Table 5.5.1 «hows the Sr and Cs contents in potatoes. The 
90 -1 
mean contents for the country were 2.0 pCi Sr kg , or 53 pCi 
90Sr (g Ca)"1, and 2.1 pCi l37Cs kg"1 or 0.5 pCi 137Cs (g K)" 1 . 
90 137 
The Sr levels were equal to those in 1978, while the Cs 
concent r*M<?-- v^iC 1.8 times lower. In case of potatoes we 
90 
see no significant difference between the Sr levels In Jut-
land and the Islands. -
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>r.t I U . - . - 1 * ' ' arui ' " e s i u r . - l J7 i n D a r . i i h p o t a t o e s 
P' ' -S"r ki.; s . i : pCi
 U 7 C s k g - 1 M . U . 
: . . - ' : u f 
r v r . a cvaa 
T y s t o f t e 
[ . c d r e b >r.-; 
: . ' -;•.: 
0 . 9 5 - 0 . 0 6 
1 . 2 0 - 0 . 0 5 
2 . 1 - 0 . 0 
2 . : -o.o 
1 . 5 0 - 0 . 0 4 
2 . 1 - 0 . 1 
2 . 6 - 0 . 2 
3 . 2 - 0 . 3 
1 . 1 3 - 0 . 0 9 
2 . 2 - 0 . 0 
8 8 - 1 0 
4 2 - 3 
3 9 - 1 
4 6 - 0 
7 3 - 0 
5 0 - 0 
5 3 - 5 
37-2 
4 6 - 4 
1 9 . 4 - 1 . 9 
8 S - 3 
2 . 7 o.ta 
1 .5 0.36 
•53 2 . 1 0 . 5 2 
• r r o r t t r r ; i s I S . E . o f t h e n e a r , o f d o u b l e d e t e r m i n a t i o n s . 
Txbie 5 . 5 . 1 . 8 . St\cntium-90 and Ctiiw-137 t« P<i>u3fc ftctaCcm i.n 1 9 7 ' 
Ti/t' j f . u p 
Studi^i:d 
6 c - - < J 
Ødum 
S r . J undt vad 
F , i t i f « 
Aberf 
Rønne 
8 , >«S: »3 




































8<} ' J 7 C l ( k g «C)" ' 
25 
/ J . J 
titan 0.074 r 950 0 , 0 7 1 19.J 
The. e n c i dim i s I S.t. ci tht mian ai doubtt dtttlminationl. 
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5.6. Strontium-90 and Cesium-137 in vegetables and fruit from 
the entire country 
In 1979, as in previous years, vegetables and fruit were col-
lected in the autumn from eight larger provincial towns, one in 
each of the eight zones (cf. fig. 5.4). 
The Y-measurements were performed on bulked ash samples rep-
resenting the entire country (cf. Table 5.6.2). 
Table 5 . 6 . 1 . A . s tront ium-90 in v e g e t a b l e s and f r u i t s c o l l e c t e d in August 1979 
Cabbage Carrot Apples 
pCi ^ S r kg"1 S.U. pCi 9 0 S r k g - 1 S.U. pCi 9 0 S r kg"1 S.U. 
Jut land 1 2 . 2 ± 0 . 5 42 *2 9 . 8 * 0 . 2 * 40*2* 0 .61*0 .05 1 8 . H O . 6 
The I s l a n d s + 
















•Tr ip le d e t e r r . i n a t i o n s . 
The error tern i s 1 S .E . of the nean of double d e t e r m i n a t i o n s . 
Tabt« 5 . 6 . / . 8 . Sttontium-90 in vegitablzt and iiuiti collzcte.d In Augua*. 7979 
Cabbage. Canriot Ipplli 
8« ftg 8<} Iftg Ca)~' Bq fcg"' Bq Ifeg Ca)~' 8<| feg"' 8? (feg Ca) 
Jutland 0.45 1550 :.it UtO 0.023 670 
Tht It,'.endi * 

















Table 5.6.2.A. Cesiur.-137 in Danish vegetables and fruits ir. August 1979 
Cabbage Carrot Apples 




3 . 6 1 . 7 2 
0 . 8 2 A 0 . 3 6 A 
1 . 3 4 A 
0.75 A 











mean 2. i 0.97 1.02 0 .59 1.86 1.60 
i l t - . ' 3 . J . \.a. f . . 'M;i ' - J - ' " ('; C.-xH !<•:•. i-.\; c f.ii-1. K i , i . : i i ' - . ; i ' f i in A u K O f 197? 
C-.ipfrrtji' CaiT. ' f A p p i e } 
So fcj"' 8>( (fc.) K ) ~ ' 6r( fcj ' S,j (fcj « ! " ' Be, ko~' Bq ! fcj K! " ' 
0 . r 33 6-1 
0.0 50 A 1 i. 3 A 
C . J 5 i ' A 3f A 





.'.! i' .1 H 
Pjpuiatic ti-
nt tan 













90 Table 5.6.3 shows a calculation of the mean contents of Sr 
137 
and Cs in Danish vegetables collected in 1979. The levels 
are the population-weighted means and are nearly unchanged from 
1978 suggesting that most of the activity in vegetables depends 
upon the accumulated activity in the soil. 
The 1979 levels in Danish fruit were calculated from apples and 
90 -1 the mean levels in Danish fruit were thus 0.5 pCi Sr kg and 
1 "X 7 1 OP 1 
1.9 pCi Cs kg" . The observed pCi Sr kg~ levels in veg-
etables and fruit in 1979 were 0.89 times those predicted (cf. 
137 Appendix C), In the case of Cs, the observed values were 
1.02 times the predicted ones. 
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Table 5.6.3.A. Calculated St and * Cs ?*e*n lev*** in vegetables in 1*7# 
D a i l y 
i n t a k e 









v e g e t a b l e s 
v e g e t a b l e s 
(1»77 data) 
V e g e t a b l e s t o t a l 
(caboao*) 
( c a r r o t ) 
pCl •°Sr 
• •• 
• . 0 
1 . * 
• •• 
































S p e c i e l 
Root v e g e t a b l e * I cd txc f l 
Pea [7977 data) 
VcgctcbCc« total 
•« St t j 
J . 3 ) 
0 . 34 
« . r 3 
O.It 





H 7 - .. -I C» fca 
J .»71 
« . « 3 I 
« .«<? 
•* 





5.7. Strontium-90 and Cesium-137 in total diet from the entire 
country 
In 1979 total-food samples representing an average Danish diet 
according to E. Hoff-Jørgensen (cf. Appendix B in Rise Report 
No. 63 ) were collected from eight towns each representing one 
of the eight zones (cf. fig. 5.2.1) and from Copenhagen. The 
sampling took place as previously in June and December. 
Tables 5.7.1 and 5.7.2 show the results. The diet levels from 
Jutland were 18* higher than those from the Islands. 
Figure 5.7.1 show the zone mean S.U. levels (not population-
weighted) in total diet compared with the predicted values (cf. 
Appendix C), the obsit-' 1 value was 0.83 times that predicted. 
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Table S .7 . I .A . Strontium-90 and Ccsium-137 in Danish t o t a l d i e t c o l l e c t e d in June 1979 




























































Relative error due 
to analysis 





















Tablt 5.7. '.8. Stionti.um-90 and Cttium-1}7 in Vaniik total ditt COlltcttd in June 1979 
Zor,i 8<j 9 0 S * IkQ Ca]"' rt, 9 0 S * 1"' ftg Ca »"' 8< liTCi (kg « ) " ' 84 U7Ct i~' 
I: N. Jutland 119 3.5»I0"4 Il.4«lfl"9 M 5 5.1*10"' 
II: £. Jutland Hi 3.1*10~6 1t.t*10~* M l 5.3*)«"' 
III: It. Jutland 100 3.5xI0"4 I7.4*ro"9 »57 *.7xIo"' 
IV: S. Jutland 1*3 3.ix10~6 I9.7xl0"9 M l 5.»xro"' 
V: Tuntn lit 2.9xlfl"4 19.0*10"' III 4.1*10"' 
VI: lialand U* 2.6*10~6 I7.»*10"9 107 5.0*10*' 
VII: Lotland-faltttl 159 3.S*I0~6 2".0*I0"9 1311 5.1x10"* 
VIII: Bonnkolm He 3.0*10"' U.f«!0" 9 M / $.4*(0"' 
Mean Hi 3.-*J0"' Il.»*lfl"9 f/| 5.5«f<T"* 




 ri.**-0"9 M l 5.4*10"' 
Rtlativt eitct due ,, ., ,, 
to anatyii* ** ** '» 
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Table 5 .7 .2 .A. Strontium-90 and Cesium-13"/ in Danish total d i e t co l l ec ted in December 1*79 









































































The error term I s 1 S.E. of the mean of double determinations. 
Table 5 .7 .1 .8 . St*ontium-90 and Ctiium-tU in Vaniik total ditt colltcttd in Otctmbtt 7979 







V I I : 

















































M;a« lit 7.9«70"* 79.3«70"* 19 4.4.70" 
Copenhagen \16 t.i*10~6 7J.3x70"9 19 4.5x70" 
PapuU'«,n-»eighUd , t.frtf* 79.7 .70"' 96 4 .1.70" 
Relative n\o\ dut ,«
 t t ,« 
tc analgia * ' 5 * " 
102 
o> 
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J I—I l_l l__l L 
Fio. 5.7.1. Predicted and observed Sr levels in the Danish total diet. The dotted curve repre-
sents the predicted values for "Diet C" (cf. Tables S.7.1 and 5.7.2) and the circles are the corre-
sponding observed values. The unbroken curve represents the predicted values for "Diet P" (cf. 
Table 5.9.3), and the triangles the corresponding otoaexjed values. 
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90 The Sr 1979 levels in the total diet were nearly equal to the 
137 
1978 levels, and the Cs levels were approx. 15% lower. 
From the total-diet sampling it is possible to estimate the 
90 137 
mean levels of Sr and Cs in the Danish diet in 1979. For 
90 
the period January-March 1979, the Sr level in the total diet 
is assumed to have been equal to that measured in December 
1978, Rise Report No. 403 '. For the period April-September 
we assume the level to have corresponded to that measured in 
June 1979. The December 1979 figures are taken to represent 
the last three months of the year. The population-weighted 
90 90 —1 
mean of Sr in total-diet samples was 3.9 pCi Sr (g Ca) 
in December 1978. Hence the mean content in the total diet in 
90 _l 90 —1 
1979 was 4.3 pCi Sr (g Ca) , or 7.1 pCi Sr (day) . 
137 Similarly, the Cs content in the Danish diet in 1979 was 
estimated to be 13.0 pCi 137Cs (day)"1 or 3.3 pCi 137Cs (g K)" 1. 
137 
The observed Cs level in total diet was 0.89 times that pre-
dicted (cf. Appendix C.2). 
5.8. Strontium-90 and Cesium-137 in miscellaneous foodstuffs 
5.8.1. Strontium-90 and Cesium-137 in meat 
Pork and beef samples were collected in Copenhagen in three 
large shops in June and December. Table 5.8.1 shows the re-
137 
suits. As compared with 1978, the mean Cs levels were lowe 
in 1979. 





















pCi 137C» kg-1 M.U. 
9.2 2.6 
11.5 3.1 
Mean 1.43 23 21 5.6 0.34 6.4 10.4 2.8 
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Tabte 5 . I .F .8 . Stxcntitim-90 and Cei-iu-n-f37 -in Oanith meat co l l ec ted in Copenhagen i« 1979 
Potk Becj 
i « W J * 8 , " S * B, ,J7C» 8 , ' " c , 8 , " S * 8 , »Si 8 , ' " c , 8 , ' " c * 


























The mean ratio between observed and predicted (cf. Appendix c.2) 
137 
Cs levels in meat was 0.81. 
5.8.2. Strontium-90 and Cesium-137 in fish 
Fish samples were collected in the North Sea and in inner Danish 
waters. Tables 5.8.2.1 and 5.8.2.2 show the results. The mean 
90 -1 levels of the two samplings were 2 pCi Sr kg and 104 pCi 
137Cs kg"1. In the fish from the North Sea the 134Cs/137Cs 
ratio was 0.06 while it was less than 0.04 for fish from inner 
Danish waters. 
Table 5.8.2.1.A. Strontium-90, Cesium-137 and Cesium-134 In fish meat 
front the North Sea purchased in Esbjerg in August 1979 
Species pCi 90Sr Kg-1 S.U. pCi 137Cs Xg-1 M.U. pCi 1 3 4Cs kg"1 
Cod 0.24 B 0.30 B 174 40 10.2 
Plaice 0.54 0.86 75 19.2 4.6 
TabU 5.1.2.>.8. Stxontium-90, Caium-131 and Ctiium-134 in iith mtat inom 
tht Noxth Sta puichaud in libjtug in Augutt 1979 














Table 5 . 8 . 2 . 2 . A . S t r o n t i u n - 9 0 , Ces iun-137
 a n d Ces iun-134 in f i s h meat from inner 
Danish waters purchased in Hundested in July 1979 
S p e c i e s 90 - 1 p c i Sr kg s.u. pCi
 1 3 7 C s kg" 1 M.U. PCX 1 3 4 C S k q - 1 
Cod 
P l a i c e 
Her-ring 
4 . 4 
1 .22 
0 .52 







1 9 . 4 
1 8 . 1 
4 . 2 
3 . 1 A 
B.D.L. 
Tabte S.t.Z.t.B. Stxoniiam-90 , CtJ-tum-137 and Cerium-134 i n frith mtat frlom 
inne.1 Vaniih uiatlli puichaitd in Handtittd ..« Jufij 1979 





0 . 0 4 5 














It Is estimated from the prediction models for Cs In fish 
that fallout contributed 20-30X of the 137 Cs level observed. 
137 -1 
The remaining part ~ 80 pCi Cs Kg was attributed to re-
leases from Windscale. 
A similar result was obtained if we used the Cs/ Cs ratio 
for the estimate. The expected ratio in pure Windscale radio-
cesium was 0.06 (cf. 4.4) and we found 0.05, i.e. 83%. 
In February 1980 "Denmark's Fishery and Sea investigations" 
collected a number of herring samples from the North Sea. 
The samples represented two age groups of herrings: One from 
autumn 1977 (one winterring) and the other from autumn 1976 (two 
winterrings). The herrings were caught at three locations close 
to 54°N lattitude (cf. Table 5.8.2.3). For the samples closest 
to England the young herrings contained nearly two times as much 
137 
Cs as the other samples, which were not significantly dif-
ferent. The Cs/ Cs mean rat^o in the samples was 0.080+ 
0.009 (1 SD), which is higher than that observed in Tables 
4.8.2.1 and 4.8.2.2. An isotopic ratio of 0.08 suggests an age 
- 101 -
Table 5.8.2.3.A. Strontium-90, Ccsium-137 and Cesium-134 in herring collected in 
the North See in February 1*79 
Age in Location 
years 
pCi 137Cs kg-1 N.U. pCi 1 3 4Cs k? _ 1 pCi ,0Sr kg"1 S.U. 
1 . 5 
2 . 5 
1 .5 
2 . 5 
11 .5 
2 . 5 
5 4 0 l l ' N 5 ° 0 3 ' 5 E 
53°56 'N 1 1 2 ' E 













1 9 . 5 





2 . 4 A 0 . 4 A 
Table S.t.Z.3.6. Sttontium-90, Ceiium-13? and Cetiam-134 in netting collected in the Hottk Sea in 
Tebluatti 1979 
Age in L o c a t i o n 
tjeati 












„ n _ 
5 ° 0 3 ' 5 E 
_ n _ 
i°tf e 
_ n _ 
4°45' £ 





» . 5 












0 . 4 7 _ 
0. 09 A 15 A 
of the Windscale radiocesium in the herrings of 2-3 years, if 
the cesium ratio in the fresh Windscale release is approx. 0.2. 
137 90 
As compared with the Cs and Sr concentrations in the her-
ring samples from inner Danish waters (Table 5.8.2.2), the 
137 North Sea herring contained 3-4 times more Cs; but an equal 
90 90 —1 
amount of Sr of 0.4 (pCi Sr (g Ca) A ) . 
5.8.3. Strontium-90 and Cesium-137 in various foods 
Eggs and chicken were collected in Copenhagen and Roskilde in 
1979. As compared with the corresponding sampling in 1978/ the 
levels were a little lower in 1979. 
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Table S.0 .3 .A. Strontiu»-»0 and Cesium-137 in eggs fro« 
Copenhagen end chicken« fro« Roskilde in Amgest 1979 
pCi *°5r kg - 1 S.U. pCi 1 3 7 C * kg - 1 H.W. 
Eoos 1.1 A 1.2 A 1.4 A 1.0 A 
Chicken a n t 0.11 * 1.0 • 7.2 2.0 
Chicken bene 1.54 
Tee/t 5 . 1 . 3 . 0 . St*e*tium-1i en« Cc«««a-r37 lm tg§* F*eo Cepcafc«««* mmi cfcickcM 
jJtoa ((Ukttac in Ansa*« l«7* 













90 137 5T9f Estimate of the wean contents of Sr and cs in the 
human diet in Denmark in 1979 
5t9flt The annual quantities 
The annual quantities are calculated by multiplication of the 
daily quantities by 365 (as stated by E. Hoff-Jørgensen, cf. 
Risø Report No. 63, Table B ) . 
Table 5.0.1. estimate of the Sr content in grain products 
per capita in 1979 
Fraction from harvest Fraction from harvest 





































Total 60.3 11.t 713 20.0 10.2 204 917 
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5T9T2T Mj4k and cream 
The Sr and Cs contents per kg milk were calculated from 
the annual mean values for dried milk (cf. Tables 5.1.1 and 
5.1.3). 1 kg ~ 1 1 nilk, containing approx. 1.2 g Ca and 1.66 
90 —1 g K. Hence the eean contents in milk were 3.5 pCi Sr kg 
137 —1 
and 4.8 pCi Cs kg A. 
Tanl« 5 . 9 . 2 . Estimat* af the Cs cant««« in «rain protects cen»i 
per capita in 1979 
Fraction fro* h i r m t Fraction (ran harvest 












































5 . 9 . 3 . Cheese 
One kg of cheese contains approx. 8.5 g Ca and 1.2 g K. The 
Sr and Cs contents in cheese were calculated from these 
figures and from the S.U. and M.U. levels in dried milk (cf. 
Tables 5.1.1 and 5.1.3). One kg of cheese appeared to contain 
90 137 
24.6 pCi *wSr and 3.5 pCi x Cs. 
5f9t4t Grain products 
90 137 
Tables 5.8.1 and 5.9.2 show the estimates of Sr and Cs, 
respectively, in grain products consumed in 1979. From these 
tables, the activity levels in grain products were estimated at 




The figures in Table 5.5.1 were used, i.e. 2.0 pCi Sr kg 
137 -1 
and 2.1 pCi Cs kg . 
5.9.6. Vegetables 
Table 5.6.3 shows the calculation of Sr and Cs in Danish 
vegetables consumed in 1979. The mean contents were 6.9 pCi 
90 -1 137 -1 
*
uSr kg x and 1.7 pCi XJ'cs kg . 
5.9.7. Fruit 
The levels in imported fruit in 1979 are assumed to be equal to 
the mean levels found in oranges and bananas collected in Copen-
90 -1 137 -1 
hagen in 1978, i.e. 3.9 pCi Sr kg and 1.3 pCi Cs kg . 
The mean levels in Danish fruit (apples) in 1979 were 0.5 pCi 
90 —1 137 —1 
Sr kg and 1.9 pCi Cs kg (cf. 5.6). The daily mean con-
sumption of fruit consisted of 100 g of Danish and 40 g of 
foreign origin. Hence the mean contents in fruit were 1.5 pCi 
90 -1 137 -1 
uSr kg x and 1.7 pCi AJ/Cs kg A. 
5.9.8. Meat 
90 137 The annual mean values of Sr and Cs in meat were calculated 
90 -1 137 -1 
from Table 5.8.1: 1.1 pCi Sr kg and 17.5 pCi Cs kg . 
(In a Danish diet meat comprises 2/3 pork and 1/3 beef). 
5.9.9. Fish 
90 137 The Sr and Cs contents in fish are estimated from 5.8.2 at 
2 pCi 90Sr kg"1 and 104 pCi 137Cs kg"1. 
5.9.10. Eggs 
The contents of activity in eggs were estimated from 5.8.3. 
The levels were 1.1 pCi 90Sr kg"1 and 1.4 pCi 137Cs kg"1. 
5-9-11- Coffee and tea 
One third of the total consumption consists of tea and two 
- 105 -
90 thirds of coffee. The mean contents were in 1978 29 pCi Sr 
kg" and 71 pCi Cs kg" and these figures were used. 
5.9.12. Drinking water 
90 
The Sr level (population-weighted mean) found in drinking 
water collected in April 1979 was used as the mean level for 
90 1 137 drinking water, i.e. 0.02 pCi Sr 1~ . The Cs content ir 
drinking water is assumed to be negligible. 
5.9.13. Discussion 
90 13"7 Tables 5.9.3 and 5.9.4 show the estimates of Sr and :s in 
the Danish diet in 1979. The figures should be compared *ith 
the levels calculated from the total-diet samples (cf. 5.7). 
90 
The Sr estimates obtained by the two methods (cf. also fig. 
5.7.1) were 4.0 S.U. and 4.3 S.U., respectively, and the Cs 
estimates were 13.9 pCi 137Cs (day)-1 and 13.0 pCi 137Cs (day)" 
Table 5.9.3. Estimate of the mean content of Sr in the human 
diet in Denmark in 1979 
90 
Type of food Annual pel sr Total Percentage of 
quant i./ per kg 90 3 r ^ ^ 90Sf 
ln
 *» in food 
























































The mean calcium Intake was estimated at 620 g (approx. 200-250 g 
Creta praeparata) 
4.2 S.U. in 1979. 
90 
Creta praeparata). Hence the Sr/ca ratio ln the total diet was 
- 10* — 
Tabl« S . 9 . 4 . b t i a t t t mt tha a*«B CMtaat af U 7 C * ia t k i 
d ie t in Oaaaark »n 1*79 
Tya* » ' * a a * JtMaal pCi 1>7CS M a l 
i« ha * " » » " *• pc* " ' c t ^ i pc* » " c 
M i k Ma C T H I 1*4.0 4 .« 707 1S.S 
ChMSa * . l J.S 12 O.« 
Grain K * * K U *0 .3 17.S 144)2 27.« 
M U « « S 71.0 ? . l 1*1 ) . « 
Waa*t*M«S 41.« 1.7 74 I .S 
r n u t S l . l 1.7 12* 2.S 
M t $4.7 17.4 * * 7 1 « . * 
E*a* ! • - * »-« " *'* 
Tish 10.9 104 1114 22.4 
Cfr f fM M t t N J.S 71 1*0 7.7 
Drinkiaa water S4t 0 0 0 
Total 5070 
As tha apacea imt« i a t a k * a< a o t a s s i M was 1J4S a;. tha aCI 1 , 7 C » 
(9 K ) * 1 r a t i o w i i f p r M . 1.7. TIM é a i l r M M iatafee i * 1*79 was 
1 ) . * aCi 1 , 7 c » aar c M t . 
ir wo M«l«ct en* coatrtbutiaa at 1,7c» to fisk fra« «i»*scol« 
(~ 09«) (5.«.2» t*a oatlr I>7Cs tnukt with total aiot i* 1*7* 
wool« «*cra*s* with aaocos. 20 war cant ta 11.4 *Ci 1,7C» par 
caput. 
The ratic betveen observed and predicted (cf. Appendix C) diet 
level* »as 0.91 for Sr and 0.66 for 137Cs (corrected for Wind-
scale 1 3 7Cs). 
90 
The relative contributions of Sr frost stilk products (~ 32«) 
and frost grain (37%) were sistilar to those in 1978. The »at-
tribution frost potatoes, other vegetables, end fruit was - 21«, 
i.e. also nearly unchanged frost 1978. The relative contribution 
of ljlCm in the total diet changed frost 1978 to 1979 as follows: 
Milk products (19 to 16«), grain products increased frost 21 to 
28«, and Meat decreased (30 to 19«). Pish contributed 22* to 
the total Cs intake in 1979, and is now the second important 
source of Cs. This is, however, due to the Cs contribu-
tion from tfindscale. If this was excluded, stilk products would 
contribute with 20«, grain: 34«, seats 23« and fish? S«. 
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5.10. Grass collected around Rise 
90 Table 5.10 shows the Sr content in grass ash from Zealand in 
90 90 1 
1979. The mean Sr activity «ras 1.5 pCi Sr (g ash)~ , or 
26 S.U., as compared with 2.5 pCi (g ash)- , or 53 S.U., in 
1978, i.e. the 1979 level was approx. 60X of the 1978 level. 
90 Figure 5.10 shows the Sr concentration in grass since 1957. 
The ratio between observed and predicted (cf. Appendix C.l) 
90 
Sr level in crass in 1979 was 1.28. 















Mean 1.49 26 
The error term is 1 S.E. of the mean of double 
determinations. 















Uian 55 960 
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Fia. 5.10. Quarterly Sr levels in grass, 1957-1979. 
5.11. Sea plants 
5.11.1. Sea plants collected in Roskilde Fiord 
Figure 5.11.1 shows the S.U. levels in sea plants since 1959 
and Table 5.11 the results for 1979. The level in Fucus vesi-
90 -1 
culosus was 11.8 pCi Sr (g Ca) , and in Zostera marina 2.0 
90 -1 pCi Sr (g Ca) . The mean ratio between observed and pre-
90 dieted Sr levels in sea plants was 0.83. 
Table 5.11.1.A. Strontium-90 and Cesium-137 in sea plants from RoikJ'Je PJord in 1979 
Location Species pCi 9 0Sr (g Ca)"1 pCi 9 0Sr (g a s h ) - 1 pCl l 3 7C» (g K)"1 pCi 1 3 7 Cs (g ash)"1 
Fucus 
veslculosus li-8 0.92 6.6 10.6 
IX zostera 
marina 2.0 0.162 B.D.L. B.D.L. 
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Table 5.11.2.A. Gamma-emitting radionuclides in Fucus vesiculosus and Fucus serratus in inner Danish 
waters collected in April-May 1979 
Location Species 1VI -1 Salinity pCi 1J^Cs kg M.U. o/oo fresh weight 
pCi WCo k g - 1 
fresh weight fresh weight 
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Table 5 . H . 2 . 8 . Gamma-tmitting ladionuctidti in Fucu« vtn.culoiu.i and Fucu« itiiatui in innti Vaniih 
uiattli co l l ec t ed in Apt.il-May 1979 
location Sfitciti Salinity to ,i7C* kg~' 84 ,i7Ct 84 i0Co kg"' 
0/00 intak 1* tight I kg K)"' imtk ui tight t*t*h mtight 
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8°E 9°E 10°E 11°E 12°E 13°E U°E 15°E 
Fiq. 5.11.2. Locations used in the Fucus sampling in May-Jur.e 
1979 (cf. 5.11.2 and 8.2). The 137 Cs isoconcentration curves 
(in pCi 1 -1 were estimated from the sea water analysis per-
formed in Kay-June 1979 and from salinities in surface waters 
(cf. the regression equation for 137 Cs in 4.4). 
Figure 5.11.2 shows that there was no evident correlation bs-
137 tween Cs concentrations in sea water and fucoic/s. However, 
this may be due to higher concentration factors (from see water 
to fucoids) for low salinities than for high. For salinities 
137 -1 less than 20 o/oo the mean ratio between pCi Cs kg fresh 
137 -1 
weight of fucoids and pCi Cs 1 sea water was approx. 40, 
while it was approx. 25 for salinities higher than 20 o/oo. 
137 Hence, although the Cs concentration was approx. two times 
higher in the water with the higher salinities, this did not 
enhance the fucoid concentrations relative to those in the lower 
salinity water. 
54 Cobalt-60 and Mn were measurable in some samples, especially 
those relatively close to BarsebMck and Ringhals. 
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5.12. Animal fodder 
A few samples of fodder collected in 1979 were analysed for 
137 
Cs. Table 5.12 shows that the imported fodder contained 
137 less Cs than Danish fodder. Soya meal contained approx. one 13"* 
third of the 'Cs concentration found in Danish fodder from 
1979. while linseed and cottonseed contained less than 10X of 
the Danish fodder level. 





























Cotton i ltd 
cake« 
United cakti 













6. STRONTIUM-90 AND CESIUM-137 IN MAN IN 1979 
by A. Aarkrog and J. Lippert 
6.1. Strontium-90 in human bone 
The collection of human vertebrae from the institutes of foren-
sic medicine in Copenhagen and Arhus was continued in 1979. As 
in the total-diet survey (cf. 5.7), the country was divided in-
to eight zones. The samples were divided into five age groups: 
new-born (< 1 month), infants (1 month-4 years), children and 
teenagers (5-19 years), adults (£ 29 years), and adults (> 29 
years), however, no samples of new-borns bone were obtained in 
1979. 
Tables 6.1.2-6.1.5 show the results for the four groups. 
Table 6 . 1 . 1 . Strontium-90 in bone from nev-born children 
(< 1 month old) in 1979 
No samples. 
Table 6.1.2 '.. Strontium-90 in bone from infants (£ 4 years) 
in 1979 
90 -1 Zone Age in years Month of Sex pCi Sr (g Ca) 
and months death 
I I 











0 . 7 9 
1 . 0 B 
0 . 4 B 
Table. 6.1.2.8. StA.ontium-90 in bone $*om inland [<_ 4 ijeaii) 
in 1979 
an . i 
Zone. Age in iicaM Month o& Set Bq Si (feg ca) 
and month* death 
II 















Tafcl« 6 .1 .3 .A. Strontium-90 in bon« from children 
and teenagers (£ 19 year«) in 1979 


















































































T«Mi t. 1 .3 .8 . StAøntium-90 in bont i\om ckitdntA 
and ttintgtn* If I* yea««) in 1*7* 



















































































Table 6 . I . 4 . A . Strontiura-93 in v e r t e b r a e from a d u l t 
l i . * ' y e a r s ) i n 1»7« 
Zone Age in Month of Sex pCi *°Sr {9 C a ) - 1 




































Tabte 6.1.4.3. Stlomtiu.M-90 in vtlttbtat i*om ttdulti 
[< 19 ijiaxii in (979 
an . 1 
































The adult levels were similar to those in 1978, but children 
showed lower levels than last year. The observed mean concen-
tration in adults (>. 30 years) was 84* of that predicted (cf. 
Appendix C). 
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Table 6 .1 .5 .A. Strontium-90 in vertebrae from adults 
(> 29 years) in 1979 

































































•Not included in mean. 
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Table 6.1.5.8. Strontium-99 *n ve**eb*ae $*<m adultå 
l> 29 yea**) in 1979 
Zone Age in Hontk o& Sex Bq St (tj Ca) 
»eat4 death 
I 37 3 M 40 
I 65 3 M 35 
I 76 4 M 73 
II 32 3 F 39 
II 47 4 F 3« 
II 47 3 F 33 
II 31 4 U 40 
IV 51 3 M 36 
VI 30 4 F 29 
VI 32 3 F 64 
VI 36 I F 94 A 
VI 37 3 F 24 
VI 30 3 M 21 
VI 35 4 M 24 
VI 42 3 M 23 
SwtdUh* 24 7 F 53 B 
S w e d e n * 27 7 M 57 
••Hot included in mean. 
Table 6 . 1 . 6 . A . Stront ium-90 (pCi (g Ca)"1) in human v e r t e b r a e 
c o l l e c t e d in Denmark 1979 
Age group Number of Number of Min. Max. Median Mean 
samples a n a l y s i s 
I n f a n t s 
{<. 4 years ) 
c h i l d r e n 
(<. 19 years ) 
Adults 
<£. 29 years ) 
Adults 








0 .37 1 .05 
0 .41 1 .11 
0 .57 1 .35 






Tabfi- i.1.6.S. St\ontium-iO IpCi IfcjCa)" ) i* humCLK vt\ttbxa.t 
cv ii'ec terf in Mnmaik 1979 
Ai}c glcup Numb et o$ Munbct o< Hin. Mai. Uidia* Mean 
samplet analti*it 
Infant* 
{<_ 4 tjiaii) 
Cliitdten 
[<_ 19 y c a t i ) 
Aciulti 
( <_ Z9 i/ertij I 
ArfiUtj 













59 31 34 
35 37 
F l a . 6 . 1 . 1 . S tront ium-90 in bone from newborn 1 9 6 1 - 1 9 7 9 . 
- 120 -






















65 70 75 80 85 
YEAR 
r i a . ».1-2. StrofitiHM-90 in bon* f ra* infants 1M2-147« 
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(/> 









T i ~r T i" i TT—i—i—i—i—i—rn—i—i—i—i—i—i—r 
-150 
Fig. 6.1.4. Strontium-90 in vertebrae from adults < 29 y, 
1961-1979. 
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Cohort 1960 - 300 
- ?0Q 
- 100 
i l I I | i I i t | I l l i | i i i l 
Cohort 1961 
i l i i I i I l l { I I l l I i I I I 
Cohort 1962 














10 15 20 
Fiq. 6,1,6. Strontium-90 in huma'-i bone from Danish cohorts 
1960-1966, Abscissa: age in years. Ordinate: bone level in 
pCi Sr (g Ca) l . 
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i i T r 7 i T i T [ t i i i | i i t r 
Cohort 1963 
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6.2. Cesium-137 in the human body 
Whole-body measurements were initiated at Risø in July 1963 (cf. 
2.3 in Risø Report No. 85 ). A control group from the Health 
Physics Department was selected and has since then been measured 
as far as possible three times a year. 
137 However, due to the decreasing Cs content in the body the 
contribution from interfering radionuclides to the Y-spectra has 
137 
made the determination of Cs so unreliable that we have de-
cided not to publish any whole-body results this year. The re-
sults from 1978 should also be deleted from our material be-
















55 60 65 70 75 80 85 
YEAR 
Fig. 6.2. A comparison between observed (- 1 SE) and calculated 
(curve, cf. Appendix C) pCi Cs (g K)" levels in whole-body 
from the Islands. 
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7. TRITIUM IN THE ENVIRONMENT 
by Heinz Hansen 
7.1. Introduction 
Tritium is produced naturally in the atmosphere by the interac-
tion of cosmic-ray protons and neutrons with nitrogen, oxygen 
or argon. Surface waters contain about 0.01 nCi 1~ from this 
25) 
source . Tritium is also produced and injected into the stra-
tosphere as the result of thermonuclear explosions. At present, 
this latter source has enhanced the naturel inventory by about 
25) 
a factor of ten . Finally, tritium is produced as a by-pro-
duct of the peaceful uses of atomic energy: it is released both 
during reactor operation and fuel reprocessing. 
Before Denmark builds any nuclear power stations of her own, it 
is of interest to know the general tritium levels in the en-
vironment that could be affected by this new energy source. Al-
so, an assay of the current tritium levels can be used already 
now to control any tritium which may be released from the Swedish 
nuclear power stations at Barseback and Ringhals, and from the 
reprocessing plants at Windscale and La Hague. 
7.2. Assay of tritium in low-level amounts 
The present assays of tritium levels in water are based on a re-
lative enrichment of H20 by electrolysis and subsequent liquid 
scintillation counting as previously described (Risø Reports 
Nos. 386, 403) . This year we have introduced the following 
adaption: 
Previously we distilled all samples prior to electrolysis using 
either glass beeds or pumice to avoid bumping. Now we distil 
over granulated active charcoal instead. We do this to avoid 
contamination of the samples by any volatile organic matter. 
This seems to have had a major effect on our results. Not only 
have we enhanced the reproducibility of our liquid scintillation 
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counting, but we also seem to have removed some background con-
tamination from sea-, lake-, and stream water samples. The mean 
ratios of pCi H 1~ /pCi Sr 1~ for the said samples shown in 
Table 7.3.6 are substantially lower for the present results than 
for those previously reported (Risø Report No. 403) . 
7.3. Results 
In 1979 the mean tritium concentrations in precipitation, stream 
-1 
water, lake water, and ground water were all nearly the same 
0.2 nCi 1~ . Drinking water was shown to contain 0.1 nCi H 1 
however, this mean value was not significantly different from 
that observed in ground water. 
25) 
UNSCEAR estimated the naturally occurring tritium concentra-
tion in continental surface waters as 6-24 pCi 1~ , i.e. in the 
order of 10* of the observed Danish levels in 1979. Hence, fall-
out tritium still is the important source of environmental tri-
tium. 
23025) 
3 90 The H/ Sr ratio in cumulative deposition is approx. 
. As shown in Table 7.3.6 this ratio fits the observed 
Table 7 . 3 . 1 . A . T r i t i u m i n p r e c i p i t a t i o n 
c o l l e c t e d a t Ris« i n 1979 
Tablt 7 . 3 . 1 . 8 . Tuitium in pxtcipitation 
colltctzd at Sin in I97i 
Month 
1979 i: 451 
nCi 3H l " 1 
0.22 




A p r i l 
May 
June 


















0 . 1 9 * 0 . 0 1 
0 . 1 6 * 0 . 0 0 
0 . 3 8 * 0 . 0 2 
0 . 1 8 * 0 . 0 0 
0 . 1 8 * 0 . 0 4 « 
0 . 2 5 * 0 . 0 4 
0 . 1 7 * 0 . 0 1 
0 . 2 4 * 0 . 0 2 
0 . 1 4 * 0 . 0 1 * 
0 . 1 4 * 0 . 0 0 
0 . 1 6 * 0 . 0 0 
0 . 2 6 * 0 . 0 4 « 
2 . 8 
1 . 6 
1 5 . 6 
5 . 0 
8 . 3 
5 . 5 
4 . 6 
1 8 . 2 
3 . 6 
3 . 1 
1 0 . 4 
1 9 . 0 
I 98 
The e r r o r term I s 1 S . E . o f the mean of 
d o u b l e d e t e r m i n a t i o n s . 
Month Bq H ni -i Bq m -2 













1171 Z 45 
The. e t i o i tt 
lioublt dtttt 
'Ttipli rfe'e 
5 7 . 0 x 1 0 
0 S.lxlO 
1 U . J x I Ø -
i « . 7 x | 0 -






5 5 .9« TO" 
i 1.t*IO' 
1 t.I'lO' 

















i tht mian ci 
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Table 7.3.2.A. Tritium in ground water 
collected in 1*79 (cf. 4.3.1) 
Table 7.3.Z.8. Tiitium in g\ound uattx 











Renne o l d 
H a s s e l « 
F a r e t o f t e 
Kalungborg 
Ravnholt 











0 . 0 3 * 0 . 0 0 
0 . 1 8 * 0 . 0 0 
0 . 0 7 * 0 . 0 2 
0.0->*0.02 
0 . 1 5 * 0 . 0 4 
0 . 2 5 * 0 . 0 1 
0 . 1 6 * 0 . 0 2 
0 . 2 2 * 0 . 0 2 
0 . 3 4 * 0 . 0 0 
0 . 2 0 * 0 . 0 4 
0.17*0.10 (1 SD) 
0.17 
A sample of ground water from Maglekilde in 
Roskilde (collected in Jar.uary) contained 
0.35*0.01 nCi 3H I"1, nie trror term is 




























z . ix IO 
f . f x I J 
5.6*10 







A tamplt oi gnound mate* j t o n Haglt-
kildt in Koikildt Icolttcttd in Januatrj) 
contained li.CIO3 8q iH m'3. 
Table 7 . 3 . 3 . A . Tr i t ium i n d r i n k i n g water from 
Denmark, c o l l e c t e d i n 1979 ( c f . 4 . 3 . 3 ) 
Zone Month nCi 3H 1"X 
I : 
I I : 




V I I : 
VIII 
North J u t l a n d 
Cast J u t l a n d 
Mest J u t l a n d 
South J u t l a n d 
Funen 
Zealand 
L o l l a n d - F a l s t e r 
Bornholm 
March 
Apr i l 
A p r i l 
March 
A p r i l 
June 
Apr i l 
June 
0 . 1 9 * 0 . 0 3 
0 . 0 8 * 0 . 0 2 
0 . 1 0 * 0 . 0 2 
0 . 0 7 * 0 . 0 0 
0 . 0 8 * 0 . 0 0 
0 . 1 2 * 0 . 0 2 
0 . 0 5 * 0 . 0 1 
0 . 1 6 * 0 . 0 3 
Mean 0 . 1 1 * 0 . 0 5 (1 S .D . ) 
Copenhagen June 0.08*0.00 
P o p u l a t i o n - w e i g h t e d 
m e n 0 . 1 0 
'the error term is 1 S.E, of the mean of doubls 
determinations. 
Tabte 7 . 5 . 3 . 1 . Tlitium in dxinkinn 
Pewtaifc, cotltcttd in 
Zone 
I : 
I I : 
I I I : 






























B<i 3H w"3 
7.0 *10} 
$.0 »ID 3 








3 . 7 *10* 
•Triple determinations. 
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•Collected in June. 
S.E.)) (cf. 4.3.2) 
Streams 
Bangsbo 4* 0.22:0.01 
Guden å 0.09*0.02 
Skjern a 0.14*0.01 
Ribe å 0.12*0.0? 
Odense å* 0.18*0.04 
Susi 0.21*0.02 






















0.1810.05 (1 S.D.) 
Table 7.3.4.8. 7ti*<.uB in Oaniih itxtami and lakzi in ftbn.uaiij 7 9X9. 
{Unit: Sq *Hm~ ] 





















Ribe A 4 
Oderne A* i 
Sul 4 > 




























'Collected in June. 
ratios for lake- and sea water. The observed ground- and drink-
ing water ratios were, however, two orders of magnitude higher, 
which, as mentioned earlier , is explained by sorption of Sr 





















The Sound-North A 
- " -
The Sound-North B 
- " -
kulien 






















































































































































































































































•Tr ip l e determinations. 
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Tabte 7.3.5.8. Tuitium in jca wattx collected in 1979 
Location 
Kuttzn 
_ n _ 
Kattegat w 























8 a t j z b a c h 
_ » _ 
Bauebacfe 
_ if _ 
Brrueba'cfe 
_ » _ 
Ringha l i 
_ » _ 
Rtnghal i 
_ n _ 
(Unghal i 
_ If „ 
r?i«3*a^i 
. " . 
Ringhali 






•s ta t ion numbtt 
N £ 
5 6 ° I 5 ' 
—
 it ^ 
5 6 ° 0 7 ' 





5 4 ° 5 2 ' 
_ » _ 
S*1^«' 
- » -
5 4 ° 2 I ' 
_ » _ 
54°57 ' 
_ » 




5 5 ° 5 9 ' 
- » -






















m It _ 








n c 0 5 * 
_ i t 
; z " / 3 ' 
_ n 
J * 0 « . ' 
- » -





_ it _ 
/ 2 °42* 
- » -













































































































































x / 0 " 
x / 0 ' 
x / 0 -
x / ( T 
x / 0 -
x / 0 -
< / 0 -
x / 0 -
'10' 
'10' 
x / 0 " 
'10' 
x/0-
« r ø -
xfø-













Sat- ini t i / 
oioo 
i l . r 
3 2 . 9 
/ 5 . 3 
3 4 . 3 
Z5.3 
3 2 . 1 
13 .9 
32 .« 
/ 6 . 6 
1




2 4 . 3 
Z0.3 
H . < 
/ / . 7 
l i . i 
t l . Ø 
3 2 . 2 
Z7.2 
3 5 . 6 
25 .7 
2 5 . 0 
15 .3 
3 2 . 1 
/ 1 . 2 
3 2 . 9 
I I . / 
' 2 7 . 1 
2 / . 3 
1
 35 .« 
' 19 .4 
' J 2 . 9 
' Z9.S 
' 3 4 . 2 
' / 9 . 5 
1
 3 4 . 2 
f » . 5 
1
 2 / . * 
- l i i -
- J 5 1C - J -
;r. 1 l ocked f ro r o'-d Danish w a t o r s ir. 19?^ 
Nurber 
of samples 
Lake w a t e r Z-iO- 190 8 
S t r ea r . w a t e r 590- 140 S 
Ground w a t e r 3 15GO-;6000 10 
Di-inking w a t e r 18700-23000 9 
Sea w a t e r 240.• 8G 11 
T a b l e ~ . ) . 4 . A ar.ti Tab le 4 . ) . - ' . A 
Table ?.3.2.A and Table 4.J.L.A 
Table 7.J.J.A and Table 4.*.i.A 
Table 7.3.5.A and Table 4.4.1.A 
Figure 7.1 shows that the tritium content in sea water varied 
with salinity. The regression was highly significant. For zero 
salinity the regression line predicts a tritium concentration of 
0.28 nCi 1~ , which is not incompatible with the mean levels ob-
served in streams and precipitation in the later years . It is 
furthermore evident from Fig. 7.1 that tritium from Hindscale 
and Swedish nuclear plants does not influence the tritium levels 
































- 0.0064 %c 























V1<:. 7 . 1 . T r i M u r ir, 'iHr.i:;|-, "r-i w.ifrr r c U ' c ! »'> . i r t l i r . i ' y . 
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8 . T R A N S U R A K I C S I * EHVIROWEHTAL SAMPLES 
by Karen Nilssor. 
9tlt sy?i««n*
 ftppUT f r y t»* S9wrt 
In Nay 1979 sedinent saeples were collected at position 3t at 
aarsebick (Pia. 3.2.1.1); these were five Nordic sedinent sta-
plers (cf. Table 3.2.4.1). These staples were also analysed for 
239
'
240Pu and 241J»». Table *.l shows the results of the analy-
Tttlt fiiifl M«**»i»» »• r«di—t s«a»l«* call««««« at 
l>m>hlL (l«c*ti«a Ml Nay 7. 1*7* 























































































P5 0-10 I 1.01 
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ses performed at Risø. The samples were furthermore analysed 
at four other Nordic laboratories. This intercomparison project 
was supported by the Nordic Council of Ministers (NKA). 
The mean Pu-concentration in the 0-2 cm-layer was 60±8 (1 SD) 
239 240 -1 pCi ' Pu kg , i.e. the relative SD of sampling and analy-
241 -1 
sis was 14%. For An we found 16±3 pCi Am kg , corresponding 
to a relative SD of 21%. In the deeper layer the relative SD 
increased. This was partly due to lower activity, resulting in 
Table 8 , 1 . 6 . Plutonium in izdimznt iamplzi colltctld at 
Bafiitback [location 38) May 7, 1979 
SampU Upth 139,240^
 fe - I g 239,240?u -
collzctox. -tn cm * 3 ^ 
PI 0-1 2 . 5 21 
IS.5 
PI 0-10 Z 39 
P2 0-2 l.l 22 
" 2-4 1.74 19.2 















Pi 0-10 t 40 
P4 0-2 2.3 22 
17.0 
5.9 
P4 0-6 Z 4i 










Pi 0-10 Z 67 
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a poorer counting statistic, and also from differences in con-
tamination of the deeper layer with surface layer material by 
the different samplers. In the 2-4 cm layer we found 53±10 pCi 
239 240 2^9 240 
' Pu (relative SD 19X) and in 4-10 cm 7±4.5 pCi ' ' " ' " " P U 
—1 239 240 
kg (65%). The 3 samplers with complete ' Pu determina-
tions in the 0-10 cm layer gave a mean value of 1.37+0.39 mCi 
239 ?40 -2 
' *" Pu km (rel. SD = 29%) . This result may be compared 
with measurements performed in 1976 (Risø Report No. 361, Table 
8.5.3) at seven lc-^tions in the Sound, Kattegat, and Great 
239 240 -2 
Belt. The mean was tnen 1.44±0.50 mCi "''""pu km in the 
0-15 cm layer. The mean Am/ ' Pu ratio in the present 
samples of sediments was 0.27±0.05 (1 SD) (rel. SD: 19%). In 
soil samples from St. Jyndevad collected 1978 (cf. Risø Report 
R-403, Table 8.1) we found a mean ratio of 0.33+0.07, which 
is not significantly different from that in sediments. However, 
this does not infer than Am and Pu are removed from the wat^r 
to the sediments to the same extent, because, in any case, most 
of the Pu and Am will go into the sediments and minor differ-
ences in the behaviour of the two elements could thus be unde-
tected in the Am/Pu ratio in sediments, but rather in, e.g., 
the water. 
8.2. Fucus vesiculosus and Fucus serratus from Danish waters 
The International Atomic Energy Agency (IAEA) has supported a 
study of transuranic elements in Danish waters. In May 1979 
samples of Fucus vesiculosus and Fucus serratus were collected 
from 22 locations in Danish inner waters (cf. Fig. 5.11.2). The 
samples were analysed by Gc(Li).spectroscopy (cf. 5.11.2) and ra-
diochemical^ for Pu and Am. The purpose was to see whether or 
not it is possible to detect any inflow of transuranic elements 
in the Danish waters along with the Cs and Cs from Wind-
scale. Furthermore, it was intended to examine if there were 
significant differences between the two fucoids with respect to 
the uptake of Pu and Am. 
We found no relation between salinity and Pu concentration in 
fucoids from Danish waters. An analysis of variance shows no 
- 137 -
Table 8.2.A. Plutonium in Fucus vesiculosus and Fucus serratus in inner Danish waters 
collected in April-May 197 9 
Location Species Salinity pCi 2 3 9' 2 4 0Pu kg"1 137Cs/239'240Pu An/Pu 
















































































































































•Estimated values (cf. the salinities Table 4.4.1). 
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Table 8 .7 .8 . Plutonium in Fucul vzticulotut and Fucu« 6t*1*tu& in inntl 
Vanilh wtattxt col lected in Aptil-Maij 1979 
location SptcitA Salinity 6« ti9't4i?u kg"' 
oloo i\t*k tttlght 
He-s s e l e 
Pofefeedal i t t a n d 
S v e n j f e e n a v n 
t t a t c t b i / f i a i / n 
s t e n m o t e 
G i c n d m o l e 
Udbijhij ttiund 
Rugiid itiand 
Stbtj b u g t 








Skovihovid f tavn. 
Itmole. 
Oillllljt 




S . £ . 
Mean 
S . P . 
S.E. 
F u C u i 
F u c u * 
F u c u 4 
F u c u 4 
F u c u 4 
F u c u i 
F u c u 4 
F u c u * 
F u c u i 
F U C U J 
FUCUA 
F u c u J 
F u c u i 
F u c u 4 
Fucci-J 
Fucu<5 
F u c u a 
F u c u l 
F u c u i 
F u c u i 

































2 1 . 7 
< I 0 * 
2 5 . 1 
2 2 . 3 
2 7 . 3 
2 6 . f 
M . 7 
22« 
3 2 . 2 
3 2 . 2 
2 3 . 3 
2 3 . 3 
I I « 
2 2 * 
2 2 * 
17* 
I I * 
17* 
17* 
0 . 0 2 1 
0 . 0 3 7 
0 . 0 1 4 1 
0 . 0 2 5 
0 . 0 1 5 5 
0 . 0 1 1 5 
0 . 0 1 7 l ± 0 . 0 0 0 4 
0 . 0 5 9 
0 . 0 3 1 
0.0t4±0.00t 
0 . 0 2 6 
0.01% 
0 . 0 2 1 
0 . 0 2 5 
0 . 0 2 2 
0 . 0 2 3 
0 . 0 5 7 
0 . 0 1 4 4 
0 . 0 2 3 
0 . 0 0 6 2 
0 . 0 2 3 





'Eitimattd value« ( e j . thi ialinitin Table 4 . 4 . 1 ) . 
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significant difference between the Pu levels in the two fucoid 
species. 
The 241Am/239'240Pu mean ratio is 0.19+0.07 (1 SD). This is 
lower than the ratio found in sediments and accumulated fallout 
(cf. 8.1) suggesting that the Am/Pu ratio in sea water is lower 
than in sediments or/and that fucoids prefer Pu to Am. 
The measurements of transuranics in Danish fucoids collected 
during May 1979 thus show no evident indication of Windscale 
plutonium or americium in Danish waters. 
The radiochemical analyses for the a-emitters indicate a consid-
erable accumulation of thorium isotopes in the seaweeds. 
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9. MEASUREMENTS OF BACXGROUND RADIATION IN 1979 
by L. Bøtter-Jensen and S.P. Nielsen 
9.1. Instrumentation 
Measurements of the background radiation were made with thermo-
23) luminescence dosimeters (TLD's) a mobile Ge(Li) spectrometer 
24) 
system , a high pressure ionisation chamber (Reuter-Stokes 
RSS-111), and a Nal(Tl) detector/ 
9.2. State experimental farms 
The State experimental farms are situated as shown in Fig. 4.2. 
The results of the TLD measurements are shown in Table 9.2.1. 
The results of the Nal(Tl) detector measurements are shown in 
Table 9.2.2. 
The Y-background measured with the Nal(Tl) detector in four 
groups of sampling stations is shown in Fig. 9.2.1 from 1962 to 
Table 9.2.1. TLD-measurements of the back-
ground radiation (integrated over 11 months 
and normalized to nR h~ ) at the state ex-
perimental farms in 1978-79 



















Table 9.2.2. Terrestrial exposure rates at 
the Siate experimental farms in 1979 measured 
with the Nal(Tl) detector (-R h ) 



















































Mean 3.9 (4.2) (4.2) (4.1) 
Figures m brackets calculated from VAH3 
1976 and in Fig. 9.2.2 since 1977. The data in Fig. 9.2.2 show 
terrestrial exposure rates, which agree with measurements made 
with other instruments. The levels in Fig. 9.2.1, however, are 
significantly higher than in Fig. 9.2.2, but this change coin-
cides with a modification of the instrument and of the calcula-
tion of the results. Therefore, the difference in y-background 
levels in Figs. 9.2.1 and 9.2.2 is partly caused by the instru-
ments and partly by the lack of correction in previous years 
40 for Y-background of cosmic origin and for K from the detector 
assembly. 
In June, a special survey of the background radiation was made 
in South Jutland in collaboration with a measuring team from 
SCPRI (le Service Central de Protection contre les Rayonnements 
Ionisants) in France. The SCPRI team was making a field study 
for intercomparison purposes in the frontier areas of countries 
neighbouring the Federal Republic of Germany. The team used a 
scintillation exposure rate meter developed by the Physikalish-
Technischen Bundesanstalt in FRG. 
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Fig. 9.2.I. Terrestrial exposure rates at the State experimental 
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Fig. 9.2.2. Terrestrial exposure rater, at the State experimental 
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Fiq. ? . 2 . i . Locations for ne jsurpncnts in youth Ju t l and . 
The measurements were carried out at 5 locations near the Danish-
German border, Fig. 9.2.3. Ge(Li) spectroscopic measurements 
were made at two of those locations and the results are shown 
together with those from Ledreborg State experimental farm found 
on another occasion and noted in Tables 9.2.3 and 9.2.4. The 
results from the ionisation chamber, the NaT(Tl) detector and 
the scintaillation exposure rate meter axe shown in Table 9.2.5. 
The response of the scintillation exposure rate meter to the 
cosmic secondaries was found from linear regression with the 
ionisation chamber results to be 1.1 \iR h~ ±0.1 (SD) . This 
value was later confirmed by Professor Moroni from the SCPRI. 
Table 9.2.3. Terrestrial exposure rates estimated 




























Table 9.2.4. Radionuclides in the soil estimated 
from field spectroscopic measurements (pCi g ) 
Location <°K 2 2 6R. 2J2Th 137C,» 
Ledreborg 12.0 0.46 0.51 0.17 
St. Jyndevad 5.4 0.16 0.11 0.43 
Ullerup 12.0 0.41 0.47 0.20 
'Assuming a homogeneous distribution 0-20 cm. 
Table 9.2.5. Measurements of background radiation in 
South Jutland (uR h-1) 
Location Ionization Nal(Tl) Scintillation 





















Table 9.2.6. Terrestial exposure rates in South Jutland 




































For comparison, the results in term of terrestrial exposure 
rates are shown in Table 9.2.6, where the ionisation chamber data 
are reduced with 3.6 uR h~ and the scintillation exposure rate 
meter data with 1.1 pR h" . It is noted that the results agree 
well within the expected limits of precision. A precision of 
lets than 0.1 MR h~ was expected from the ionisation chamber 
and the Ge(Li) spectroscopy system and more than this for the 
Nal(Tl) detector and the scintillation exposure rate meter. 
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9.3. Risø environment 
The five zones around Risø are located as shown in Fig. 9.3.1, 
the results of the TLD measurements are shown in Table 9.3.1 
and the results of the Nal(Tl) detector measurements are shown 
in Table 9.3.2. 
r i ' ; , 1. j . 1 . The rnv i rfinit'fT. f nf Rise), l,nrdt lor.r; for nasurc-
:-"r.t.; nf ' };<• b.K'K'H'Mir,ci r^i'lM' . o n . 
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Table 9 . 3 . 1 . TLD-weasurements of the background 
radiation (integrated over 11 months and normalized 
to uR h~ ) in f ive zones (I-V) around Ris« in 197S-79 
Rise zone Location October 1978-September 1979 

































Mean 8. 5 
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Table 9.3.2. Terrestrial exposure rates at the Ris« sones in 1979 aeasureel with the xal(Tl) 
detector (»R h ) 
Rise Location Jan 
zone 




























































































































































































































































































Mean (4.6) 4.4 4.8 4.8 
- n* -
IR the Rise environment a few Ge(Li) spectroscopic Measurements 
were made in Zone 1. The only artificial radioisotopes detected 
here were fallout Cs and A. The latter originates fro« 
routine operation of the reactor DR ). 
fr*y QYlUnq Wfs environment 
The Gylling Mas environment (a potential nuclear power plant 
site) is routinely monitored with TLD's, and the results from 
rhree sones around the site are given in Table 9.4.1. The lo-
cations are shown in Pig. 9.4.1. 
T«hl« » . 4 . 1 . TU>-ar*s«c«M*ts •< thr b*ck*r 
r « 4 u t i a « < mt*«r»t«4 »wer 11 smtttes «M4 to t i n 
t* _« k~ ) IR f«vr tmtms ,I-nr) ar< 
IMS s i t « in I»7i-7* 
the Crlltn«-
Crllin«r«s L«c*t>«a "*rt*Wr i n . S t f ( « W r I f * 
Ht*a 
7 . i 
II 










10° E 20'E 
Fig. 9.4.1. The environment of Gylling Næs. Locations for 
measurements of the background radiation. 
9.5. Great Belt and Langeland Belt areas 
Locations on both shores of the Great Belt and the Langeland 
Belt (an international shipping route) are likewise routinely 
monitored with TLD's; the results and locations are shown in 
Table 9.5.1 and Fig. 9.5.1, respectively. 
150 -











40'E 11°E 20'E 
f'ig. 9.3.1. The coasts of the Great Helt. Locations for 
measurements of the background, radiation. 
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Table 9.5.1. TLD-measurements of the background 
radiation (integrated over 11 months and normalized 
to uR h~ ) along the coasts of the Great Belt and 
Langeland Belt in 1978-79 






Kelds Nor 9.4 
Tranekar 9.1 
Hov 7.4 
Fyns Hoved 8.1 
Knuds Hoved 8.4 
Mean 8.5 
9.5. The Baltic island. Bornholm 
Locations on the island of Bornholm have been monitored with 
TLD's during winter 1978/79 and summer 1979. The results and lo-
cations are shown in Table 9.6.1 and Pig. 9.6.1, respectively. 
Table 9.6.1. TLD-measurements of the background 
radiation (integrated over 7 and 5 months respec-
tively and normalized to uR h~ ) on the island 



































• • 1 , \ 1 
_ i 
10 0 10 |20km 
U°30*E 15°00'E 15°30*E 
Fu7. 9 , 6 , 1 . L o c a t i o n s for r n e a s u r e n e n t s on Bornholm, 
9.7. Discussion 
It should be noted that the reported TL data are results from a 
one-year integration period and that there is excellent agree-
ment with the results from previous years where the integration 
period was only 6 months. 
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10. CONCLUSION 
10.1. Environmental monitoring at Risø, Barseback and Rinqhals 
No radioactive contamination of the environment originating from 
the operation of the research establishment was ascertained out-
side Risø in 1979. As in previous years, the variations in con-
tamination level were independent of the distance of the sampling 
locations from Risø. 
Benthic brown algae, mussels and fish collected at the Swedish 
nuclear plants at Barseback and Ringhals were analysed for ra-
dioactive pollution. Transfer factors from releases of various 
radionuclides to Fucus were calculated. The radioactive con-
tamination of the marine environment due to the operation of the 
Swedish nuclear power plants resulted into doses of less than 
1 mrem per year to any individual eating 20 kg mussel and 100 kg 
fish per year. 
10c2. Nuclear-weapon debris in the abiotic environment 
90 The mean content of Sr in air collected in 1979 was 0.4 fCi 
90 -3 
Sr m , i.e. approx. 0.3 times the 1978 level. The average 
fallout at the State experimental farms in 1979 was 0.17 mCi 
90 -2 
Sr km or 0.4 times the 1978 figure, and the mean concentra-
90 90 -1 
tion of Sr in rain water was 0.27 pCi Sr 1 
By the end of 1979 the accumulated fallout was approx. 48 mCi 
90 —2 137 —2 
Sr km . The corresponding Cs was estimated at 77 mCi km . 
In agreement with the greater precipitation in that part of the 
country, fallout levels in Jutland were 15-25* higher than levels 
found in eastern Denmark. 
90 90 
The median level of Sr in Danish ground water was 5 fCi Sr 
1" . Fresh water from streams contained 0.3 pCi Sr 1~ and 
90 -1 lake water showed a countrywide mean level of 1.2 pCi Sr 1 
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The population-weighted mean level in Danish drinking water was 
90 -1 22 ICi 'uSr 1 . 
Inner Danish surface waters (salinity 16 o/oo) contained 0.6 pCi 
90Sr l"1 and 1.0 pCi 137Cs l"1. 
10.3. Fallout nuclides in the human diet 
90 The mean level of Sr in Danish milk was 2.9 S.U., and the mean 
137 137 -1 
content of Cs was approx. 4.8 pCi Cs 1 
90 137 
The 1979 Sr and Cs levels were 0.9 and 0.7 times respective-
ly the levels found in milk produced in 1978. 
90 The Sr mean content in grain from the 1979 harvest was 22 pCi 
90o . -1 „,, 137„ *. * • m ~ 137^ 
Sr kg . The Cs mean content in grain was 10 pCi Cs 
-1 90 kg . The Sr level in grain from the 1979 harvest was 10% 137 lower than the level found in the 1978 harvest, and Cs was 
0.4 times the 1978 level. 
90 137 The mean contents of Sr and Cs in Danish vegetables col-
90 —1 
lected in 1979 were 6.9 pCi Sr kg (23 S.U.) and 1.7 pCi 
137 -1 90 -1 
Cs kg , respectively, and in fruits 0.5 pCi Sr kg and 
137 -1 90 -1 
1.9 pCi Cs kg ; potatoes contained 2.0 pCi Sr kg and 
_ . _. 137„ . -1 2.1 pCi Cs kg 
The mean levels of Sr and Cs in total-diet samples collected 
in 1979 were 4.3 S.U., or 7 pCi 90Sr (day)"1 and 13 pCi 137Cs 
(day)-1 , respectively. Prom analyses of the individual diet com-
90 ponents, the Sr level in the Danish average diet was estimated 
137 137 -i 
to be 4.0 S.U. and the Cs intake to be 14 pCi Cs (day) x. 
90 137 The levels of Sr and Cs in the Danish total diet consumed 
in 1979 were 10% and 25% lower respectively than the levels ob-
served in 1978. 
Grain products contributed 37% and milk products 32% to the total 
90 137 
Sr intake; 28% of the Cs in the diet originated from grain 
products, 19% from meat, and 16% from milk products. Pish con-
137 tributed with 22% to the Cs diet intake, of this four fi£*h 
were due to radiocesium from Windscale. 
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90 13? Both Sr and A Cs diet levels were on the average higher in 
Jutland than in eastern Denmark, 
10.4. Strontium-90 and Cesium-137 in humans 
90 The Sr mean content in human bone (vertebrae) collected in 
1979 was about 1 S.U. in adults. The younger age groups showed 
lower concentrations (0.7 S.U.). 
137 Whole-body measurements of Cs have been suspended due to the 
137 low Cs concentrations in man. The estimated level in 1979 
was 12 pCi 137Cs (g K)" 1 . 
10.5. Tritium in environmental samples 
Tritium levels varied between 0.2 and 0.4 nCi 1~ in rain water 
and between 0.03 and 0.34 nCi 1~ in ground water. Danish 
drinking water showed a population-weighted mean value of 0.1 
nCi 1~ and lake and stream water contained 0.2 nCi 1~ . The 
tritium concentration in sea water varied inversely as the sal-
inity. 
10.6. Plutonium in environmental samples 
Plutonium and americium were determined in sediments and sea-
241 239 240 
weed. In sediments the mean Am/ ' Pu ratio was 0.27 or 
similar to that in soil samples. In fucoids the mean ratio was 
0.19 suggesting that the Am/Pu ratio in sea water is lower than 
in sediments. 
10.7. Background radiation 
The average total background exposure rate measured with the 
ionisation chamber at the State experimental farms was 7.6 uR 
h~ of which 3.6 yR h~ originates from the secondary cosmic 
radiation and the remaining 4 uR h~ from terrestrial sources. 
This result is in accordance with that observed in 1978. 
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Appendix A. Calculated fallout in Denmark in 1979 
Zone 
mm 
p r e c i p i t a t i o n 
in 1979 
mCi 9 0 S r km - 2 
i n 1979 
Accumulated 
mCi ^ S r km - 2 















(848) 0.174 54 
V: Funen 
VI: Zealand 
VII: L o l l a n d - F a l s t e r 
632 
(620) 0.160 43 
VIII: Bornholm 650 (699) 0.136 
Area-weighted mean 774 (779) 0.17 51 
The amounts of precipitation were obtained from ref. 9. The 
deposition was estimated from 4.2 and appendix D. 
90 Sr 
The precipitations in brackets were the mean of values measured 
by the Meteorological Institute at the State experimental farms: 
Jutland: Tylstrup, Ødum, Studsgård, Askov, St. Jyndevad; The 
Islands: Blangstedgård, Tystofte, Ledreborg, Abed; Bornholm: 
Åkirkeby. 
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AMEMDIX a. S t a t i s t i c a l i n f o m a t i o n 
Zona Araa i n ropulat ion Annual milk Annual whaat Annual ry« Annual po ta to Vaaatabla 
. 2 i n production production production production araa 
thousands i n aaoa-k« in ia*9»-ka i n larøa-ka in aaaa-ka i n km2 
IS) 1»71 I t ) 197« 1«) 1971 13) 1972 13) 1972 13) 1972 11) 1972 
I : S . Jut land S.171 471 911 
I I : E. Jut land 7 , 5 « ! M l l , 2 5 i 
14S 1SS «09 14 
I I I : H. Jut land 12,104 (17 92« 
IV: S. Jut land J.929 24S S72 
V: Funan 3,41« 44« 3*3 
VI: laa land 7,415 2 .1*5* 395 
VII: Lol land-Fals t a r 1,795 123 <• 441 71 100 73 
VIII : • o m h o l a SM 47 39 
Total 43,0*9 5 ,0 (5 4,S«2 S93 22« 709 17 
•1 ,270 ,000 paopla war* l i v i n a i n Graatar Copanhaaan and MS,000 i n tha raaalning part of Xaaland. 
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APPENDIX C 
The mean ratio between observed and predicted values was 1.10± 
0.50 (1 SD) for 90Sr and 0.84+0.24 for 1 3 7Cs. In general, the 
90 prediction models underestimated the Sr levels in 1979, while 
137 the Cs concentrations were overestimated. 
In case of Cs the calculation of the Cs deposition from 
90 the Sr deposition (cf. Table 4.2.1) was revised as compared 
to the previous years, when we assumed the Cs/ Sr ratio 
equal to 1.6. For the 1979 calculations we have applied the 
Cs/ Sr ratios observed in air (cf. Tables 4.1.1 and 4.1.2). 
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90 
Appendix C.l. Comparison between observed and predicted Sr levels in environmental samples 



















Total diet _" 
P 
Human bone '• 29 yr 































































































































































































































•May 197? - April 1980 ("milk year" (21)) 
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Appendix C.2. Corparisor. between observed end predicted 
samples collected in 1979 
137 Cs levels in environcent.il 
Sample Location Ur.it Observed Predicted Obs./pred. Model in 
reference (21) 














Total diet C 
p 
Islands - " -
Jutland pCi li7Cs kg"1 
Islands - " -
Jutland - - -
Islands - " -
Jutland - " -
Islands - " -
Jutland - " -
Islands - " -
Denmark - - -
Jutland - " -
Islands - " -
Denmark - " -
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C.3.6. 
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* (cf. note to Appendix C.l) 




90 -2 -1 Annual fallout rate in mCi Sr km y 
Accumulated fallout by the end of the year (i) assuring ef-
fective half-lives of 90Sr of 27.7 y. Unit: mCi 90Sr km-2. 
di(May-Aug.) a n d di(July-Aug.): 
The fallout rates in the periods: May-Aug. and July-Aug., 
90 -2 -1 
respectively. Unit: mCi Sr km period 
The fallout rate (d.) was based on precipitation data collected 
for all Denmark in the period 1962-1978 (cf. table 4.2.11)). 
Before 1962 the levels in the tables were estimated from the 
29) HASL data for New York (HASL Appendix 291, 1975) ' considering 
90 that the mean ratio between Sr fallout in Denmark and New York 
was 0.7 in the period 1962-1974. 
T h e di(May-Aug.) a n d di (July-Aug.) v a l u e s w e r e a l s o o b t a i ^ d 
from table 4.2.1 ' for the period 1962-1978. For the years 
1959-1961 the values were calculated from data obtained from 
90 
Sr analysis of air (1959) and precipitation samples (1962 and 
1961) collected at Risø. Before 1959, the values were estimated 
from the corresponding d. values assuming that the ratios 
di(May-Aug.)/di a n d di(July-Aug.)/di w e r e c o n s t a n t ln tin* a n d 
equal to the means found for the period 1962-1974, which were 
0.54 (1 S.D.: 0.09) and o.24 (1 S.D.: 0.06), respectively. 
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90 -2 
APPENDIX D. Fallout rates and accumulated fallout (mCi Sr km ) in Denmark 1950-1979 
Denmark Jutland Islands 
d l Ai(27.7) d i Al(27.7) d l Ai(27.7) 
1950 0 .021 0 .020 0 .022 0 .021 0 .020 0 .020 
1951 C.101 0 .118 0 .114 0 .132 0 .088 0 .105 
1952 0 .198 0 .309 0 .224 0 .347 0 .172 0 .270 
1953 0 .500 0 .789 0 .566 0 .891 0 .434 0 .687 
1954 1.901 2 .623 2 .152 2 .967 1.650 2 .279 
1955 2 . 5 0 1 4 .997 2 .831 5 .655 2 . 1 7 1 4 .340 
1956 3 .101 / . 8 9 8 3 .510 8 .939 2 .692 6 .858 
1957 3 . 1 0 1 10 .728 3.510 12 .142 2 .692 9 .313 
1958 4 .302 14 .658 4 .869 16 .591 3 .734 12 .725 
1959 6 .102 20.247 6 .908 22 .918 5 .297 17 .576 
1960 1.140 20 .859 1.291 23 .610 0 .990 18 .107 
1961 1.481 21 .787 1.676 24 .661 1.285 18 .913 
1962 7 .428 28 .493 7 .976 31 .830 6 .880 25 .155 
1963 1 6 . 6 9 5 4 4 . 0 7 1 18 .453 4 9 . 0 4 1 14 .937 3 9 . 1 0 1 
1964 10 .412 53 .136 11 .685 59 .225 9 .139 47 .048 
1965 3 .954 55 .679 4 .204 61 .861 3.704 49 .497 
1966 2 .145 56 .395 2.166 62 .445 2 .124 50 .345 
.1967 1.047 56 .023 1.176 62 .048 0 .918 49 .997 
1968 1.403 56 .006 1.568 62 .045 1.237 4 9 . 9 6 8 
1969 1.035 55 .632 1.241 61 .721 0 .829 49 .542 
1970 1.647 55 .863 1.993 62 .140 1.301 49 .586 
1971 1.506 55 .951 1.726 62 .288 1.236 49 .615 
1972 0 .435 54 .993 0 .457 61.194 0 .413 48 .792 
1973 0 .192 53 .821 0 .215 59 .891 0 .168 47 .750 
1974 0 .710 53 .183 0 .779 59 .171 0 .643 4" .197 
1975 0 .414 52 .272 0 .452 58 .150 0 .376 ' .6 .397 
1976 0 .103 51 .082 0 .116 56 .826 0 .090 45 339 
1977 0 .384 50 .204 0 .405 55.827 0 .362 44 .581 
1978 0 .463 49 .426 0 .538 54 .985 0 .388 43 .867 
1979 0 .166 48 .379 0 .174 53 .810 0 .156 42 .947 
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Denmark Jutland Islands 
dl(May-Aug) dl(July-Aug) dl(May-Aug) di(July-Aug) dl(May-Aug) di(July-Aug) 
0 . 0 1 
0 . 0 5 
0 . 1 1 
0 . 2 7 
1 . 0 3 
1 . 3 5 
1 . 6 7 
1 . 6 7 
2 . 5 2 
2 . 5 0 
0 . 4 7 
0 . 6 6 
1 . 2 2 3 
9 . 5 6 5 
6 . 2 3 5 
2 . 0 2 9 
1 . 0 4 9 
0 . 3 6 7 
0 . 8 4 8 
0 . 6 1 4 
0 . 9 0 8 
0 . 9 9 2 
0 . 2 5 3 
0 . 0 7 5 
0 . 4 2 1 
0 . 1 5 9 
0 . 0 3 2 
0 . 1 7 8 
0 . 2 3 2 
0 . 0 8 6 
0 . 0 1 
0 . 0 2 
0 . 0 5 
0 . 1 2 
0 . 4 6 
0 . 6 0 
0 . 7 4 
0 . 7 4 
1 . 0 3 
0 . 6 8 
0 . 3 1 
0 . 4 7 
1 . 8 5 7 
5 . 6 2 9 
2 . 5 6 8 
0 . 8 5 0 
0 . 4 1 8 
0 . 1 4 1 
0 . 4 2 6 
0 . 2 7 6 
0 . 5 4 7 
0 . 4 0 5 
0 . 0 8 4 
0 . 0 3 3 
0 . 1 9 0 
0 . 0 7 5 
0 . 0 1 0 
0 . 1 0 7 
0 . 0 9 6 
0 . 0 3 0 
0 . 0 1 
0 . 0 6 
0 . 1 2 
0 . 3 1 
1 . 1 6 
1 . 5 3 
1 . 9 0 
1 . 9 0 
2 . 6 3 
2 . 7 6 
0 . 5 2 
0 . 7 3 
4 . 5 6 6 
1 0 . 7 5 3 
7 . 1 7 0 
2 . 0 9 4 
0 . 9 8 4 
0 . 3 8 0 
0 . 9 1 0 
0 . 7 2 3 
1 . 0 7 6 
1 . 1 5 4 
0 . 2 6 2 
0 . 0 9 3 
0 . 4 6 3 
0 . 1 7 9 
0 . 0 3 2 
0 . 1 6 4 
0 . 2 7 5 
0 . 0 8 7 
0 . 0 1 
0 . 0 3 
0 . 0 5 
0 . 1 4 
0 . 5 2 
0 . 6 8 
0 . 8 4 
0 . 8 4 
1 . 1 7 
0 . 7 5 
0 . 3 4 
0 . 5 2 
2 . 0 5 2 
5 . 9 3 2 
2 . 9 1 0 
0 . 8 5 2 
0 . 1 9 6 
0 . 1 3 4 
0 . 4 6 0 
0 . 3 1 9 
0 . 6 3 2 
0 . 5 1 6 
0 . 0 8 4 
0 . 0 3 9 
0 . 2 1 9 
0 . 0 9 1 
0 . 0 1 1 
0 . 0 8 5 
0 . 0 9 B 
0 . 0 3 1 
0 . 0 1 
0 . 0 5 
0 . 0 9 
0 . 2 3 
0 . 8 9 
1 . 1 7 
1 . 4 5 
1 . 4 5 
2 . 0 2 
2 . 2 4 
0 . 4 2 
0 . 5 9 
3 . 8 8 0 
9 . 1 7 7 
5 . 2 9 9 
1 . 9 6 4 
1 . 1 1 4 
0 . 3 5 4 
0 . 7 8 6 
0 . 5 0 5 
0 . 7 4 0 
0 . 8 3 0 
0 . 2 4 4 
0 . 0 5 7 
0 . 3 7 8 
0 . 1 5 7 
0 . 0 3 2 
0 . 1 9 0 
0 . 1 8 8 
0 . 0 8 4 
0 . 0 1 
0 . 0 2 
0 . 0 4 
0 . 1 0 
0 . 4 0 
0 . 5 2 
0 . 6 5 
0 . 6 5 
0 . 9 0 
0 . 6 1 
0 . 2 9 
0 . 4 2 
1 . 6 6 2 
5 . 3 2 7 
2 . 2 2 6 
0 . 8 4 8 
0 . 3 4 0 
0 . 1 4 8 
0 . 3 9 2 
0 . 2 3 3 
0 . 4 6 2 
0 . 2 9 4 
0 . 0 8 4 
0 . 0 2 7 
0 . 1 6 2 
0 . 0 6 0 
0 . 0 0 9 
0 . 1 2 9 
0 . 0 9 3 
0 . 0 2 9 
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